





THE PROCEEDINGS 


OF THE 








Vol. X., No. 4. 1884. Whole No. 31. 








NAVAL INSTITUTE, ANNAPOLIS, MD. 
JUNE, 1884. 





THE ESTABLISHMENT OF STEEL GUN FACTORIES 
IN THE UNITED STATES. 


By LIEUTENANT W. H. JAQUES, U. S. N. 





I, 


INTRODUCTION. 


“ Before the introduction of rifled cannon, and the use of steel as 
the material for their construction, the United States boasted of her 
Dahlgren and Rodman cast-iron guns, which were the models for 
imitation and the standards for comparison of all nations. 

While the rest of the world has advanced with the progress of the 
age, the artillery of the United States has made no step forwards, 
Its present condition of inferiority is only the natural result of such 
want of action.*” 





Lieutenant-Commander F. M. Barber, in a recent paper presented 
to the Senate Naval Committee, and prepared in view of the discus- 
sion on the construction of steel vessels, gave the following facts, 
which bear directly upon the very important question of providing 


modern ordnance: 
*Gun Foundry Board Report, 
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At the beginning of the war, the only efficient portion of this Navy was 
that propelled by steam. This force was small, but most of it at the time of 
its construction (1855 to 1858) compared favorably with individual ships in for- 
eign navies. Especially was this the case with vessels like the Colorado, 
Roanoke, and Wabash. Wherever they appeared, when first built, they excited 
the wonder and admiration of foreign naval authorities. No vessels had ever 
appeared that carried such heavy batteries, had such clear decks, and were at 
the same time so efficient under sail or steam. 

In the day of these vessels the United States led the world in the architec- 
ture of its wooden ships, with their enormous battery power of shell-guns, as 
easily as it did in 1812, when its 32-pounders proved more than a match for the 
English 18s and 24s. 

Never in the history of maritime war has any period been so fruitful in 
revolutionary inventions as the four years of our rebellion. It produced the 
monitor, the steam blockade-runner, the inclined casemate, the double-ender, 
the XV.-inch gun with its mammoth powder, and it developed beyond all former 
anticipation the wonderfully destructive power of the torpedo. Of all these 
inventions, the blockade-runner is the only one not purely American, and of 
the remainder (excepting the double-ender) it is hard to say which has received 
the greatest attention from foreign nations. 

At the same time that they developed their broadside ironclads, they did not 
neglect the American ideas. The Monitor has developed into the Inflexible 
and Italia. The XV.-inch smoothbore had reached its zenith with us because it 
was cast-iron; but its size was emulated and exceeded in Europe in rifled steel, 
while its mammoth powder, with its secret of low initial pressures, was retained 
and has produced the 1oo-ton guns of the Duilio and Lepanto. The torpedo 
has developed into an innumerable variety of forms, and is now seen perfected ~ 
in the Whitehead, Swartzkopf and Lay, of which, foreign nations possess thou- 
sands ; to say nothing of the torpedo-boat, the most wonderful combination of 
speed, lightness, and handiness that is now afloat, and of which Europe pos- 
sesses hundreds. 

In all these years we have done almost nothing in these fields. 

This may perhaps be warranted in a slight degree by our peaceful attitude 
and our geographical position ; but we have also neglected to keep pace with 
foreigners in the construction of the ordinary sea-cruisers for commerce-pro- 
tection. 

In 1861, England commenced the construction of sea-going armor-clads wholly 
of iron, and all European nations have followed her. While in Europe they 
have gone deeply into the subject of breech-loading rifled ordnance, with tre- 
mendous penetrating power, we have idled along, trying to brace up our anti- 
quated smoothbores by inserting a rifle-tube ; and whereas they have endea- 
vored in every possible way to mount their guns so as to obtain an all-round 
fire from the ship and as great a Jateral train as possible for each individual 
gun, in our Navy we have not a single sea-going vessel that has stern-fire ; and 
the bow-fire is in most cases very inefficient, while the train on the broadside is 
exceedingly limited, 
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If our peaceful country is ever to be involved in a foreign war, sea-going 
ironclads will be a positive necessity, and we are utterly unable to-day either 
to roll their armor-plates or to manufacture the monstrous guns that they will 
require. 

The difficulty that we are experiencing in regard to the manufacture of such 
small guns as are required for our new cruisers should be a warning of the 
numerous obstacles that will lie in our path when those of larger calibre are 


required. 

The spur of competition among the manufacturers of all the nations of 
Europe, but particularly those of England, France, Italy, and Germany, assisted 
by a bountiful government patronage, has produced results in the perfection of 
the means of waging maritime war that are positively startling. Much has been 
said about the ingenuity of our manufacturers supplying everything needtul 
when called upon; but a glance at the navy lists of the world in 1882, as taken 
from Mr. Bowles’ pamphlet on “Our New Cruisers,” should convince the 
most skeptical that ingenuity could not compete with the scientific experience 
that has produced, and is producing, such vessels as these, especially when our 
manufacturers, from whom the ingenuity is expected, have never had the 
slightest pecuniary inducement to turn their attention to the required directiva. 


How much more difficult would it be for home ingenuity to com: 
pete with the immense plants that hav: been developed by long 
years of valuable experience, and at an immense expenditure, for the 
manufacture of such ordnance as modern warfare demands! Though 
nature has, in part, protected our coasts against possible attacks from 
the enormous vessels that have been put afloat abroad, and although 
our immense resources may afford some moral protection, neither 
our resources nor wonderful inventive genius will avail against 
the practical results of time and experience—elements most necessary 
in successful gunmaking. 

Volumes could be filled with the prayers that artillerists and the 
advocates of providing adequate means of defence have made during 
the twenty years that the United States has made no advance in artil- 
lery, but in offering the report of the Gun Foundry Board for the con- 
sideration of the Naval Institute, it has been deemed best to begin with 
the discussion in the XLVII. Congress, a discussion that resulted in 
the selection of a board of officers, who were to collect such informa- 
tion and approve such systems as would assist Congress in deciding 
upon the method and means of providing heavy ordnance adapted 
to modern warfare. A complete history will thus be presented of the 
varied views held by those who have the power to provide, by their 
action in Congress, a proper means of defence; by those who have 
been trusted with the conduct of the Departments, and by those who 
have made the subject of ordnance more or less a life-study. 
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As the Board has been governed by Azstfory, at home and abroad, 
the introduction of these opinions is most important, that the Institute 
may, by its familiarity with the interests that governed the different 
representatives in their discussion, be better able to accept the opin- 
ions and conclusions of the Board. 

It has been the intention of the compiler of these pages to present 
so thoroughly the views of all connected with the question of provi- 
ding adequate armament, that the reader will have before him the im- 
portant information which governed the Board in its decisions. He 
will thus be saved the labor of search, and, it is hoped, will also find 
new and useful information regarding the manufacture of gun-steel 
and the fabrication of modern cannon. 


It is to be regretted that personal interests have entered so largely 
into the discussion of a question of such magnitude ; but the victory 
will be all the greater if, under such circumstances, the des? system 
shall be adopted. 

In the consideration of the Fortifications Appropriation Bill, the 
Hon. Anson G. McCook, of New York, protested against the neglect 
of the Congress of the United States in leaving the fortifications in 
their present helpless condition: 


On more than one occasion I have tried to show to the House of Represen- 
tatives that the fortifications of this country are in an absolutely worthless con- 
dition for all purposes of warfare. In the last session of Congress, when this 
bill was before the Committee of the Whole, I offered an amendment to 
increase very materially the appropriation, for the purpose not only of repair- 
ing the present fortifications but of adding to them. I cited the report of 
eminent engineers in justification of that action on my part. . ... I 
rise for the purpose of again protesting against the neglect that the 
House of Representatives or the Congress of the United States indulges in, in 
leaving our sea-coast fortifications in their present helpless condition. 

It is recognized by all of us that practically we have no navy. It is asserted 
by the Engineer Department of the United States that for all purposes of 
defence our fortifications are in a worthless condition. And were it not for the 
efficiency of our torpedo system, in the event of war with one of the great mari- 
time powers, the harbor of New York is as defenceless to-day as if there were not 
an earthwork there. 

I hope the time is not very far distant when the Committee on Appropria- 
tions of this House will recognize that fact ; and that the opinion of educated 
officers who have made the state of the fortifications of this country and of our 
harbor defences a life-study, will be consulted, rather than the economy which 
amounts to parsimony. And as one of the Representatives from the city of 
New York, I again, for the fifth or sixth time, and for the last time, call the 
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attention of the House to the condition of the harbor of that great city, and 
assert, on the statement of competent engineers, that it is absolutely defenceless 
to-day in the event of war with one of the great maritime powers of the earth. 


Senator John A. Logan, of Illinois, pointed out the fact that this 
country cannot produce the required gun-steel : 


We provide in the bill for the manufacture and fabrication of two steel guns 
and for the making of projectiles, powder, &c. It is a well-established fact 
that in this country we can not produce the character of steel that is absolutely 
necessary for the manufacture of guns. That article has to be purchased from 
abroad, and so it is with many of the things connected with the Ordnance 
Department. 


During the consideration of the Naval Appropriation Bill, the pro- 
visions for the armament of the new steel cruisers, and the recom- 
mendations for the armament of the monitors, called forth a discussion 
that contained unjust criticism of a bureau whose actiop was neces- 
sarily restricted by the meagre appropriation that Congress felt 
justified in limiting. Senator McPherson, of New Jersey, recognized 
the true reason—“ the want of a sufficient appropriation” —that has 
prevented the United States from possessing suitable armaments for 
her fortifications and ships and has kept the Ordnance Bureaus from 
making those experiments, and acquiring such information as 
would assist them in the selection and purchase of the dest modern 
war material. 

Great injustice was also done officers, who have more knowledge 
of the fabrication of steel cannon than any private gun-factor in the 
United States. 

There are European powers, well advanced in the development of 
artillery, that have gladly accepted the opinions of American ordnance 
officers who have devoted their energies to the study of this great 
question ; and we find to-day that material (s¢ee/) employed, and 
that system of gunmaking adopted by England and France, and 
imitated by Germany, which were accepted and advocated si an 
American naval officer thirteen years ago. 

We find also a recent publication on the “ Development of Armor 
for Naval Use,” eagerly sought for in order to obtain information on 
this very important and interesting subject, and pronounced by 
some of the leading artillerists and armor manufacturers the ablest 
work of its kind ever published. This history of armor develop- 
ment and trials was prepared by an officer of the Navy, who for 
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years was associated with that Ordnance Bureau whose action has 
been so severely criticized. 

The Institute may well be proud that its rolls contain the names of 
such professionally distinguished men. 


The Hon. W. C. Whitthorne, of Tennessee, called attention to the 
lamentable weakness of the Navy, and gave his opinion of what 
ought to be done: 


Mr. Chairman: Having been for a number of years a member of the Naval 
Committee of this House, and during those years having given much thought 
and labor and study to the naval administration of the Government, although 
rot now connected with any committee of this House having charge of that 
matter, yet from mere force of habit, if from no other consideration, I take 
very great interest in every proposition which affects that administration. 

Before proceeding to notice the terms of the bill, 1 may be permitted to ask 
the attention of the committee to what is the real condition of the United States 
Navy. I content myself now with the simple answer that at present its con- 
dition is one of lamentable weakness and inefficiency. The special weakness 
of the American Navy is this: First, we have no guns; in the second place, 
we have no vessels of any speed; in the third place, we have no armored 
vessels fit to cope with the weakest naval power known to the history of the 
world. None of our vessels could withstand an attack from any one of the naval 
powers. Peace now prevails. I for one trust that it shall always be the in- 
heritance of our people. But yet the careful student of the struggles of man- 
kind must know that peace is not the constant inheritance of any people ; hence 
we should be ready for defence. Besides, we owe something to our com- 
merce, We owe something to the protection of our coasts. What shall be 
done? 

It is, in my judgment, that of liberal expenditures in the way of experiments. 
We need speed; we need guns and we need armor. Shall we build a large 
number of vessels at once in order to get these things? In my judgment, no, 
Practical common sense would say, make your experiments first to illustrate 
the question of speed. Make your experiments first and build your guns in 
your own factories. 


The Hon. G. M. Robeson, of New Jersey, added: 


With regard to guns, let me say just this: That we appropriated $100,000 
last year for the purpose of expe:imenting or entering upon a course of expe- 
riments for casting certain trial guns. We should have appropriated an addi- 
tional amount this year, but we have a communication from the Bureau of 
Ordnance which says that they have applied to all of the firms of this country 
that can produce the steel and that they are at work producing it; but they 
have not yet finished it, and as a consequence they have not been able to 
expend more than $65,000 of that appropriation. 
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Extract from the report of the House Naval Committee : 


It is not in ships alone that we are weak. The guns on the single-turreted 
monitors are all smoothbore muzzle-loaders. It is manifest that our navy is 
sadly deficient in guns, and that we have not one high-power, long-:ange, rifled 
breech-loading cannon afloat in the Navy ; and it may as well be said here that 
we have not one to put afloat. 

It is perhaps not to be regretted that we have not spent large sums of money 
in the manufacture of guns since the close of the war, for we have doubtless 
escaped many expensive blundersthereby. The time has not been wholly lost. 
Our manufactures have been developed during that period to a degree quite 
unprecedented in our own history. At the close of our war there was not a 
pound of steel made in this country fit for the fabrication of cannon. To-day 
our manufacturers can produce steel of the best quality for that purpose in very 
large quantities, and with their present plant can supply over 150,000 tons a 
year for that purpose, besides supplying the present demand for steel for all 
other purposes. The steel made in this country is better than that made in 
Europe. In six months’ time, if we were called upon for it, we could furnish 
all the steel which the gunmakers of the world could use. 

To compare our Navy with the navies of other countries may be humiliating, 
but it will prove useful and result to our advantage. 

We here take leave of this branch of the subject with no further comment ; 
argument would seem to be quite out of place. 


The above plainly shows the need of modern ordnance, but it 
conveys a false impression of the capabilities of our steel manu- 
facturers to produce the proper material for said ordnance, and makes 
no reference whatever to the total lack of any factory for the fabrica- 
tion of heavy sfee/ guns. 

The development of steel manufacture for other than ordnance 
purposes in the United States has indeed been remarkable; and had 
there been a sufficiently large demand for guns, there is no doubt a 
few of our steel manufacturers would have increased their plants in 
order to meet it; but, whatever their experience and casting capacity, 
they have no means of forging, and consequently cannot supply the 
requisite material. 

The House of Representatives having under consideration the Naval 
Appropriation Bill, the Hon. B. W. Harris of Massachusetts said : 


Mr. Chairman :—After a service of nearly ten years as a member of this 
House, and a service of nearly eight years as a member of the Committee on 
Naval Affairs, 1 had hoped now, in the closing session of this Congress and 
during the few remaining days of my Congressional life, to be able to secure the 
passage of some of the measures reported by my committee, and some of the 
fruits of earnest and honest effort which I have made for the building up and 
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improving of the American Navy. . . . . Not only are we deficient in 
ships, but we are unable properly to arm those we have, 

The Secretary of the Navy in his late report to Congress has put in official 
form a statement of the number and character of the guns now on hand adapted 
for naval use. It is as follows: 

ORDNANCE. 


The guns of the Navy are 2233 smoothbore, muzzle-loading cannon of 
various calibers; 77 Parrott muzzle-loading, 40-pounder rifles; 267 similar 
80-pounder rifles ; 51 muzzle-loading, 180-pounder converted rifles ; 26 breech- 
loading, 40-pounder converted rifles ; and 10 breech-loading, 80-pounder con- 
verted rifles. 

The eighty-seven converted rifles have fair power and may be considered 
useful for the present. The Parrott rifles were made during and immediately 
after the rebellion; they might in an emergency serve a subordinate purpose 
as part of our armament, but are in no real sense suited to the needs of the 
present day. The smoothbore guns are incapable of contending with rifled 
guns throwing one-half their weight of shot. 

With not one modern. high-powered cannon in the Navy, and with only 
eighty-seven guns worth retaining, the importance of action for the procure- 
ment of naval ordnance seems apparent, if the Navy is to longer survive. 


Our total naval force afloat is thirty-eight cruising vessels of an inferior 
character, all of which must soon become unfit for naval pyrposes ; and for 
harbor and coast defence we have fourteen single-turreted ironclads, armed 
with smoothbore guns of an antiquated type; and, according to the Secretary 
of the Navy, “only eighty-seven guns worth retaining.” This is a spectacle 
demanding the serious attention of Congress and the people. The remedy is 
dm the hands of Congress. It has been warned by every Secretary cf the true 
condition and the pressing needs of the Navy at almost every session for the 
past ten years at least. 

I cannot believe that the people of this great country, if they could directly ex- 
press their will, would endorse such a policy or permit its continuance. . 9 

Now, Mr. Chairman, of what use is it for this House of Congress to do any- 
thing more in respect to building ships unless at the same time we do some- 
thing for guns? You may build a ship perhaps in two years. You can not arm 
it with the means we have in this country to-day in the same time. Why not 
_make provision for guns at the same time you begin the construction of the 
ships? 

But, Mr. Chairman, what does this bill appropriate for ordnance? One 
hundred thousand dollars for ordnance forthe Navy. What does it mean? It 
means that the Ordnance Department of the Navy wazts $100,000 to experiment 
with, and is not ready to tell Congress what sort of guns the service requires. 

But what is being done, Mr. Chairman? I understand that five 6-inch guns 
are being constructed in the Washington navy-yard on the appropriation of 
$100,000 of last year.- That is being done for the purpose of finding out what 
_kind of a gun to build. 

England has armed herself with the Armstrong and other guns, and the 
nations of Europe have armed themselves with the Krupp gun, while the 
American vessels have no guns worthy the name. 
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Hon. FRANK Hiscock, of New York. I desire to ask the gentleman a single 
question in reference to that. My understanding in reference to that appro- 
priation of $100,000 made last year is that it has not been expended, on account 
of the difficulty of getting metal. Now, I should like to hear from the gentle- 
man from Massachusetts on that point. 

Hon. B. W. Harris, of Massachusetts. Mr. Chairman: The American 
manufacturers of steel only desire to have an opportunity given to them to 
furnish all the steel which may be required for the American Navy. And they 
can do it at short notice. The evidence is before us, Mr. Chairman, that these 
American manufacturers can furnish as good steel as can be found anywhere 
in the world. There is no trouble about it. We want guns, and there are men 
outside of the Ordnance Bureau who have already learned the trade and art of 
making them. I think the time has come when Congress should say to the 
Navy Department, “ We must have guns, and here is the money with which to 
provide them.” 

Mr. Chairman, there are only two great gun manufacturers in the United 
States. One is at South Boston and the other at West Point, New York. 
These establishments have made nearly all the guns, both for the Army and 
the Navy, for the past fifty years or more. They have served the country well 
and have never failed it in time of need. These foundries have been standing 
almost idle since the close of the war for want of patronage. The one at South 
Boston, now almost idle, has a plant of nearly $1,000,000 in value. It has kept 
its works in order at great cost and at great loss, hoping again to be able to 
serve the Government. If the Navy wants guns of cast-iron in whole or in 
part they can be made there. If cast-steel guns would better serve the purpose, 
as some believe, they could soon be produced there. If guns of wrought-iron 
or steel are required they cannot now be made there or elsewhere in this 
country. But these companies would gladly undertake to prepare their works ” 
with such aid as the Government alone is able to furnish for the construction 
of wrought-steel guns of the largesi sizes required for the service. 

These two companies in January last came to the War Department and 
offered to combine their establishments and all their capital, experience, and 
ability under one management, and prepare themselves to make steel wrought 
guns and to put the whole at the disposal of the Government if it would assist 
in the construction of a steam-hammer of the required size. Their offer met 
with favor and approval, as the following correspondence shows : 


THE SECRETARY OF WAR, 
L. R., No. 22.] ORDNANCE OFFICE, WAR DEPARTMENT, 


Washington, January 16, 1882. 


Str: I have the honor to enclose a letter from the President of the South 
Boston Iron Company, of January, 1882, requesting assistance in his efforts to 
“obtain proper government aid to enable me (him) to construct and complete 
a creditable ordnance manufactory in this country,” and giving his reasons 
therefor. 

It'is a well-known fact that the proper faciiities for heavy-gun constructions 
on.modern types are not to be found in this country. The plant and mechani- 
cal experience are confined mainly to the casting and finishing of simple cast- 
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iron guns. The preparation and manipulation of steel in large masses suitable 
for heavy ordnance are beyond the resources of our private foundries. But 
steel in some form must enter into the construction of guns, and constitute a 
part, if not all, of the gun itself. At present, all such steel has to be procured 
abroad, and is not always of the required quality. 

Recently, the breech-receivers for the 12-inch rifles, under contract, were 
rejected, the steel not being up to the standard. 

Constant and careful official supervision on the part of the government is es- 
sential to the attainment of uniform and reliable results in the production of any 
metal for gun construction, and particularly so with a metal so subject to varia- 
tion as steel; but such supervision is only practicable in the foundries of this 
country. That we should not depend on foreign workshops for this indispens- 
able material, but depend on home enterprise, is in accordance with the spirit 
of the laws. 

The advantage of using steel exclusively in gun construction is apparent when 
European authorities claim that an all-steel gun, having a thickness of walls of 
one caliber, possesses greater strength than a cast-iron gun hooped and tubed 
with steel, having much thicker walls. This advantage over simple cast-iron 
is still more signal, as it admits of the production of a much lighter steel gun 
with superior power for the same diameter of bore. In the commencement of 
its manufacture, it would not perhaps be practicable to produce steel of a suitable 
quality in larger masses than are required for hoops or light tubes, such as are 
employed in France, Italy, and other European states where cast-iron enters 
largely into the system of gun construction. For the production of the large 
ingots required in the manufacture of heavy steel guns abroad, steam-hammers 
are employed of 40, 60, and 100 tons weight, or hydraulic presses of thousands 
of tons power. Even with steel wire or steel riband guns, a system of construc- 
tion that is now attracting the serious attention of artillerists in France and in 
England, the inner steel tube is required to be of very considerable size and 
weight. 

There are but two ways to meet the case: First, by the establishment of a 
national foundry, being exclusively under governmental control ; second, by 
assisting and fostering one or more of our private foundries, to enable them 
to prepare their plant, &c. 

The South Boston Iron Works and the West Point Foundry are the only ones 
that have now any portion of the plant and experien.e. Both of these have 
made guns for the United States during the last half-century, and have always 
—_ satisfaction. All the states of Europe, with the exception, perhaps, of 

ussia, are dependent upon private industry for the steel employed in the 
manufacture of their heavy cannon ; and it is more than likely due to the aid 
and encouragement afforded them by the government that private establish- 
ments in Europe have attained to such celebrity in the quality of their produc- 
tions. I have the honor to recommend that the attention of Congress may be 
called to this subject, so important to the defences of the country. 

The reference of this paper to the Board on Heavy Ordnance, now in session 
in New York, for an expression of its opinion, is deemed proper in connection 
with the duties devolving upon it, and is respectfully recommended. 

Very respectfully, your obedient servant, 
S. V. BENET, 
Brigadier-General, Chief of Ordnance. 
The Honorable THE SECRETARY OF WAR. 


[First indorsement.] 

Respectfully referred to Colonel George W. Getty, President of the Board 
on Heavy Ordnance, New York city, for an expression of the opinion of the 
Board upon the subject presented by the Chief of Ordnance in this communica- 
tion. 

By order of the Secretary of War, H. T, CROSBY, Chief Clerk. 

WAR DEPARTMENT, January 18, 1882. 
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OFFICE OF SOUTH BoOsTON IRON COMPANY, 
Boston, January, 1882. 


Sir: With a view to enlist your sympathy and assistance in my efforts to 
obtain proper government aid to enable me to construct and complete a credit- 
able ordnance manufactory in this country, I beg to call your attention to the 
following facts and my resulting proposal : 

The South Boston Iron Company has been actively engaged in the manufac- 
ture of ordnance for the United States Government for more than half acentury. 
During this long period of service its record has been of the highest character, 
and at all times it has faithfully executed its engagements with the Govern- 
ment. It has added largely from time to time to its machinery and fixtures, 
until it is in condition to fabricate cannon of the largest caliber without delay, 
and until the value of its plant is more than a million dollars. I am aware, 
however, that such facilities as we have are entirely inadequate to the demand 
likely to be made for the armament of our Navy and for our coast defences. 

Desiring to continue the leading position we hold in the line of our business, 
and believing that we have the experience and ability at command to successfully 
produce cannon of large caliber of iron or steel from American ores, I beg to 
submit the following proposal and petition : 

I propose to erect blast-furnaces, steel-producing plant, steam-hammers of 
large size, machine-shops with facilities for finishing cannon from eighteen to 
a hundred tons weight at the rate of one per day, furnaces and rolling-mill for 
the manufacture of armor-plates, foundry for the casting of guns and projectiles, 
and shops for the manufacture of gun-carriages. 

The details of construction to be subject to the approval of the War and 
Navy Departments, with right to representation on the board of direction, the 
United States Government to have the right to take possession of the entire 
property at any time, at a fair appraisal of value, and to have the right to con- 
trol the use of the entire works, at such rate of compensation as shall not 
exceed the percentage of profit heretofore paid for similar work. 

I ask the Government to furnish the means to make such additions by the 
issu@of a 3 per cent 10-40 bond of a similar character to the bond issued to 
assist the construction of the Pacific Railroad. 

It is believed that the requirements of the Government for such an estab- 
lishment would insure our ability to meet the payment of the said bonds at 
maturity: and it is believed to be of the highest importance to the Govern- 
ment to have such an establishment available, and that it cannot be obtained 
except by direct purchase or by some such encouragement as proposed. 

The foregoing scheme is sketched to point out the fact that the Government 
may obtain the war material it so much needs at a proper cost, and at the same 
time enlist the watchfulness of private interest to develop the results of pro- 
gressive invention until the establishment should become efficient and complete 
to the highest degree. 

Very respectfully, your obedient servant, 
WM. P. HUNT, President. 

General S. V. Benfét, United States Army, 

Chief of Ordnance, Washington, D. C. 





L. R., No. 229.] West Point Founpry, 
Cold Spring, January 18, 1882. 

Sir: Mr. Wm. P. Hunt has sent us a copy of his communication to you in 
regard to the establishment of a manufactory of ordnance with the aid of the 
Government. 

As we are the only other firm engaged in the business we think proper to say 
that we coincide with Mr. Hunt’s views, and that in our judgment there is no 
other way to create the necessary “plant” to manufacture such ordnance as 
18 now required. 
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We would also say that having, like the South Boston Iron Company, 
furnished ordnance to the Government for more than fifty years, and having, 
we believe, the confidence of the Ordnance Department, should it be desired 
to furnish means to establish a manufactory we would have equal claims on the 
patronage of the United States. 

It would probably, however, not be deemed advisable to assist two establish. 
ments, and no doubt it would be considered best to do all the work in one. 

Should this be the case, we would say that we think that the interests of the 
West Point Foundry and the South Boston Iron Company could no doubt be 
consolidated on a basis which would be for their mutual advantage, thereby 
creating one establishment of large capacity, which would form an excellent 
basis on which to build up such a “plant” as is now required by the Govern. 
ment. 

It seems to us that such an arrangement would promote the interest of the 
United States as well as the manufacturers, and create a suitable “plant” in 
as short a time as the nature of the work will admit. 

Very respectfully, your obedient servants, 
PAULDING, KEMBLE & CO. 

General S. V. Benfétr, United States Army, 

Chief of Ordnance, Washington, D. C. 


[First indorsement.] 


ORDNANCE OFFICE, WAR DEPARTMENT, 

Washington, Fuly 19, 1882. 
Respectfully submitted to the Secretary of War in connection with my letter 
on the same subject, of 16th instant, transmitting a letter from the South Boston 
Iron Company. I respectfully recommend that this letter be referred to the 

Board on Heavy Ordnance, New York. 
S. V. BENET, 
Brigadier-General, Chief of Ordnance. 


[Second Indorsement.] 


Respectfully referred to Col. George W. Getty, President of the Board on 
Heavy Ordnance, New York City, in connection with previous papers sub- 
mitted the 18th instant, 

By order of the Secretary of War. 

H. T, CROSBY, 

WAR DEPARTMENT, January 21, 1882, Chief Clerk. 


OFFICE OF BOARD ON HEAVY ORDNANCE AND PROJECTILES, 
Army Building, cor. Greene and Houston Streets, 
New York City, January 24, 1882. 


The ADJuTANT-GENERAL, U. S. Army, 
Washington, D: C.: 

Str: This Board, to whom have been referred the letters of Mr. W. P. Hunt, 
President of the South Boston Iron Company, and of Paulding, Kemble & Co., 
proprietors of the West Point Foundry, to the Chief of Ordnance, asking 
governmental aid to enlarge the facilities of their establishments for the manu- 
facture of large guns involving the use of steel, together with the letter of 
General Benét, transmitting the same with his views thereon to the Secretary 
of War, has the honor to present its opinion upon the subject set forth in those 
communications as follows : 

For the past twenty years the demand for suitable naval and sea-coast arma- 
ments to meet the problem of national defence, has taxed the mechanical skill 
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and resources not only of the governmental authorities of the warlike powers 
of the Old World, but also of their leading gun manufacturing establishments. 
During that period, we have witnessed the advance of heavy ordnance from 
the 12 to the 100-ton gun, with corresponding increase in the weight of pro- 
jectiles, while improvements in powder and the chambering of the more recent 
rifled cannon, have permitted the use of charges so largely augmented as to add 
nearly one-half to the initial velocities of their projectiles. Whether or not a 
gun satisfactory in its method of construction and in the perfection of material 
used has been reached, there can be no doubt that valuable experience has been 
gained and very marked improvements arrived at from year to year. While 
the large establishments at Woolwich, and at Elswick on the Tyne, have been 
developing a method of built-up wrought-iron cannon on the English system, 
the vast Essen foundries have produced a steel breech-loading rifled gun of 
great power and strength, which has given to Herr Krupp a world-wide reputa- 
tion. 

France and Italy, in the meantime, have experimented, with more or less 
success, largely in the use of cast-iron and steel combined, for heavy ordnance, 
as a cheaper method of construction. 

Though we have not the information to determine absolutely what will be the 
final method and material of construction adopted for heavy cannon as the re- 
sultant of past experience and progressive trials, it now seems probable that 
steel, by reason of its superior tenacity and limit of elasticity, will be largely 
used in the system of built-up guns. 

In view of the great demand for heavy ordnance for our sea-coast defences, 
involving the probable use of 2000 guns, for the most part of large caliber, and 
the insufficient preparation and development of the leading iron manufactories 
of this country for constructing heavy guns of other material than cast-iron, it 
seems probable that any attempt on their part to meet the national demand 
without government aid will result in both material and financial failure. 

This Board therefore concurs with the Chief of Ordnance in his views of the 
question of assisting some of our leading cannon factories to enable them to 
commence successfully the construction of a suitable armament for our sea-coast 
defences. 

GEORGE W. GETTY, 
Brevet Major-General U.S. A., President of the Board. 
Z. B. TOWER, 
Colonel of Engineers, Brevet Major-General, U.S, A. 
A. R. BUFFINGTON, 
Lieutenant-Colonel of Ordnance. 
F. H. PARKER, 
Major of Ordnance. 
JOHN MENDENHALL, 
Major First Artillery, Brevet Colonel, U.S. A. 


Hon. B, W. Harris.—The men who make these offers know how to make 
guns. They have no trade to learn. They have no reputation to make. The 
companies which they represent have served the country faithfully and with 
honesty for more than half a century. They ought to receive the aid and 
encouragement which they ask, and they should be employed steadily in the 
fabrication of guns of which we afe so sorely in need. 


Mr. Harris was instructed by the committee on naval affairs to offer 
an amendment, which contained: 


For the purchase or manufacture of cannon and their carriages, and for 
machine-guns for the armament of said cruising vessels and said dispatch 
vessel, in the manner above provided for, $1,161,000. 
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And the Secretary of the Navy is hereby authorized to contract for the pur- 
chase or manufacture of said cannon, their carriages, and machine-guns, with 
reputable and responsible American manufacturer or manufacturers, at the 
lowest bid after advertisement and competition. Said cannon shall be con- 
structed upon such designs and of such material as shall be approved by the 
advisory board; and said contracts shall contain such terms and conditions as 
the Secretary of the Navy and said advisory board shall deem best calculated 
to secure prompt execution and perfect workmanship, and shall best protect 
the interests of the United States. 


We have taken the advisory board’s estimate for ships’ guns, and we may 
say to arm these vessels authorized by that amendment will require for guns, 
carriages, and machine-guns $1,161,000. We put into your hands this fund, 
to provide us with guns, You shall do it by offering to American manufac- 
turers of guns the opportunity to compete, and you may bind them to any con- 
ditions or contracts which will insure good workmanship. 


TueE Hon. J. D. C. ATKins, of Tennessee, in reply to Mr. Harris’ 
attack upon the ordnance officers of the naval service, said: 


The gentleman has spoken in a sneering manner of the $100,000 appropriated 
for guns in this bill ; he has spoken of that in such a way as to convince this House 
that we have no officers, no artisans in our Navy competent to make guns, 

Hon. B, W. Harris . . . . We never had guns in our Navy made by 
officers of the Navy. 

Hon. J. D. C: ATKINS. Wehave no artisans competent to make guns! If 
that is true, we have no artisans competent to make ships. And just for that 
reason I have opposed his proposition in this bill. I have become persuaded 
and satisfied that the naval authorities are incompetent for the task which the 
gentleman from Massachusetts would now thrust upon them. I say I have 
become satisfied of their incompetency, and Iam not surprised at it. I do not 
wonder at it. The naval authorities of the world have shown themselves 
incompetent. There are constant changes in gunnery and constant changes in 
armor. Why, it was but the other day the gentleman from Tennessee, my 
colleague [Mr. Whitthorne], alluded to the test which had been made at Spezzia, 
in Italy, with regard to armor, and it was there shown that armor had been 
found that was superior to projectile force. A while back, perhaps a year ago, 
it was understood that projectile force had the advantage of resistance; now 
resistance has the advantage of projectile force. 

Sir, I feel that the gentleman has brought us to this conclusion, that we had 
better pause, we had better wait till the trials at Spezzia have been proved, and 
that we had better wait till some other trials shall have shown that the best gun 
has not yet been made; and when you have got approved patterns and models 
of ships and guns, then I would be prepared to meet the gentleman with liberal 
appropriations to increase the American Navy. 


Mr. Harris modified somewhat his previous statements, and con- 
tinued : 


I did complain that the gunmakers of this country are not allowed to make 
any guns for us. I mean to say that for many years we have not offered to the 
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gunmakers of the country an opportunity to construct any guns; and until Con- 
gress authorizes and instructs the Secretary of the Navy to purchase or manu- 
facture guns for the armament of the Navy we shall continue to be as helpless 


as we are to-day. 


It is unfortunate that such incorrect impressions should be conveyed 
to Congress for its action upona subject of great importance, by those 
so long connected with committees and departments constituted solely 
for the best advancement and development of their special work! 
Congress must largely accept the conclusions and opinions of its 
committees, and must depend upon them for useful and correct in- 
formation by which its work will be expedited. During the Senate’s 
discussion of the bill, some of these impressions were corrected by 
Mr. Hale, the representative of the Senate Naval Committee, who 
had capably and intelligently considered the question. 

While it is most natural that Representatives should be governed 
by their local interests, since they are elected to further these in- 
terests, they should not be unjust to men who have been equally neces- 
sary, if not more so, to the government in its time of need. They 
should not represent that the country possesses a means of pro- 
viding a proper armament for its fortifications and ships when it has 
been so emphatically proved that gun-steel of sufficient sizes cannot be 
produced “ at short notice” by our own manufacturers, and that the 
United States has not a single factory where it can manufacture 
heavy stee/ guns. 

The following statement of the Gun Foundry Board will assist 
much to correct the impression that the United States possesses 
“two great-gun manufacturers,” who “have made nearly all the 
guns, both for the Army and Navy, for the past fifty years,” and who 
are prepared to furnish the required armaments without delay: 


Previous to and during the civil war the armaments of the 
United States were supplied from— 
The Cold Spring Foundry, West Point, N. Y. 
The South Boston Iron Works, Boston, Mass. 
The Fort Pitt Foundry, Pittsburgh, Pa. 
The Reading Iron Works, Reading, Pa. 
The Builders’ Iron Foundry, Providence, R. I. 
The Phoenix Iron Company, Pheenixville, Pa. 
The Ames Manufacturing Company, Chicopee, Mass. 
Since the termination of the war the Fort Pitt Foundry has 
ceased to exist. The South Boston Iron Works Company has 
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manufactured a few experimental guns, and, with the West 
Point Foundry, has executed some small orders of the Govern- 
ment in the conversion of cast-iron smoothbores into rifle guns 
by inserting and rifling a coiled wrought-iron tube. 

None of the companies mentioned above have ever made 
steel guns, and virtually the United States is destitute of a 
source from which such an armament as the age demands can 
be supplied. 


It is marvellous how such a statement—“ we never had guns in our 
Navy made by officers of the Navy”’—could be intelligently accepted 
when the prominence of the Dahlgren gun is recalled. Not only was 
it designed by a naval officer, but all the guns that were manufactured 
at the works named above were made under the supervision and in- 
spection of army or naval officers, from designs and drawings made 
by them, subjected to tests prescribed by them, and made of material 
whose analyses were carefully indicated by them. 

In the correspondence presented to Congress by the gentleman 
who advocated the interests of the two companies seeking government 
aid, the Chief of Ordnance, War Department, states emphatically, 
that “it is a well-known fact that the proper facilities for heavy gun 
constructions of modern types are not to be found in this country ”; 
and that the “ plant and mechanical experience are confined mainly 
to the casting and finishing of simple cast-iron guns.” 

Mr. Whitthorne also presented a similar statement during the dis- 
cussion of the appropriation for the steel cruisers : 


We are not prepared in any of our navy-yards or in any of the workshops 
or manufacturing establishments of the United States to supply the guns that 
should be used on the steel cruisers when constructed. 


The Chief of Ordnance, in his sympathy for these companies (who, 
perhaps, ought to be rewarded for what they have done), has given 
the impression that they possess sufficient plant and experience to 
undertake the fabrication of the guns which the country now needs ; 
and, by the prominence of his approval, has endorsed the statement 
of the value of their gun-plant ($1,000,000), and its capability to 
“ fabricate cannon of the largest caliber without delay.” 

The proposition, however, made by one and agreed to by the other, 
to erect a plant for the manufacture of steel guns, shows that this value 
of plant and capacity to fabricate cannon could have no connection 
whatever with the production of modern steel guns ; in fact, that por- 
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tion of the plant which could in any way be made available is already 
the property of the Government; and, as far as experience in the 
manufacture of the modern steel cannon is concerned, the country 
has made no demand that would require such experience of them. 

Further, the Board unanimously decided : A// history warns against 
such a partnership as is contained in their proposal and petition. 

In considering the best means of establishing steel gun factories in 
the United States, the question of reward for past services should be 
entirely put aside. It would be just as pertinent for the shipbuilders 
who designed and constructed our famous wooden ships, to ask gov- 
ernment aid for the establishment of a steel ship plant, because they 
had “faithfully executed their engagements with the Government.” 

As the building of steel ships is a new art, so is the fabrication of 
steel guns. We must, therefore, look to those who have experience 
in the machining and assembling of steel parts, and must offer 
such inducements that steel workers will feel justified in the expendi- 
ture of the large sums necessary to develop their plants to the proper 
point. 

The report of the Gun Foundry Board is particularly acceptable, 
because its opinions are the results of a careful study of the successes 
and failures of those nations that have expended millions of money, 
and passed through many years of valuable experience in order to 
obtain the best gun material and most effective type. 

We hope its conclusions will be as readily adopted as was the 
amendment to the Naval Appropriation Bill, which the Hon. J. F. C. 
Talbott, of Maryland, offered by direction of the Committee on Naval 
Affairs : 

The President of the United States is hereby authorized and required to 
select from the Army and Navy five officers who shall constitute a board forthe 
purpose of examining and reporting to Congress which of the navy-yards or 
arsenals owned by the Government has the best location and is best adapted for 
the establishment of a Government foundry for the manufacture of ordnance 
adapted to modern warfare for the use of the Army and Navy of the United 
States, the cost of all buildings, tools, and implements necessary to be used in 
the manufacture thereof, including the cost of a steam-hammer of sufficient size 
for the manufacture of the heaviest guns ; and the President is further requested 
to report to Congress the finding of said board at as early a date as possible: 


Provided, That no extra compensation shall be paid the officers serving on the 
board hereby created. 


In further consideration of the question, the Hon. Secretary of the 
Navy communicated the following to the Chairman of the Senate 
Committee on Appropriations : 
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NAvy DEPARTMENT, 
Washington, February 5, 1883. 


Str: Herewith I have the honor to submit for the consideration of the Com- 
mittee on Appropriations, a communication to me from the Chief of the Bureau 
of Ordnance, showing the necessity for full appropriations for the work of that 
bureau, and submitting his views as to the best method of securing for the 
Government a foundry and steam-hammer for the manufacture of heavy guns. 

This subject is one of the first importance in connection with our military 
establishment, and I respectfully urge the committee to give it careful consid- 
eration. 

Very respectfully, 
WM. E. CHANDLER, 


Secretary of the Navy. 
Hon. Wo. B. ALLISON, 


Chairman Committee on Appropriations, United States Senate. 


BUREAU oF ORDNANCE, NAvy DEPARTMENT, 
Washington City, February 3, 1883. 
Str: The naval approriation bill for the fiscal year ending June 30, 1884, 
having passed the House of Representatives, the following remarks are sub- 
mitted upon that part of it which relates to the Bureau of Ordnance. 


An estimate of $100,000 was submitted for continuing the manufacture of 
steel rifled breech-loading guns with carriages and ammunition: this has been 
stricken out by the House, and a provision has been inserted reappropriating 
such part of the $100,000 given last year as may be left over at the end of the 
present fiscal year. 

The amount thus made available will probably be about $35,000. 

It is the opinion of the Bureau that the Senate should be asked to restore 
the original item of $100,000, for the following reasons : 

As soon as a proper quality of steel can be produced and types developed, we 
should commence at once to procure an armament for the general service. 
Now, the $35,000 re-appropriated will procure only about five such guns with 
their carriages and ammunition ; whereas, the moment we find ourselves in a 
condition to duplicate any good type of gun, we should wish to procure a con- 
siderable number as soon as possible, and as this may happen any time, 
the Bureau ought not to be without the means of immediately acting in the 
direction of rearmament. 

The House has inserted a provision establishing a mixed board of Army and 
Navy officers to examine and report which of the navy yards or arsenals is best 
adapted for the establishment of a government foundry for the manufacture of 
ordnance adapted to modern warfare, with estimates of cost, etc., including a 
steam-hammer, for the manufacture of the heaviest guns. 

The principal apprehension to be entertained with regard to such an estab- 
lishment is that it might in time come to occupy very much such an attitude in 
regard to the development of artillery as has been occupied in England by the 
great government establishment at Woolwich. 

It is thought to have been mainly owing to the conservative influence of 
Woolwich that the English so long adhered to a faulty system of gun construc- 
tion, to muzzle-loading, to a bad system of rifling and rotation, and to an inferior 
kind of armor-piercing projectile. 

The great private firm of Krupp, in Germany, and those of Armstrong, 
Whitworth, and Vavasseur, etc., in England, have all led Woolwich in the mare 
of improvement, and it is mainly owing to the efforts of the first-named firm, 
that artillery has reached its present point of development. 
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With these examples before us, it would seem injudicious to proceed to the 
erection of a great government establishment where all the ordnance for the 
country should be completely made. é 

Now, whether the government should establish a great steel-producing foundry 
is another branch of the question which might be advocated affirmatively on 
better grounds than could be the case with the proposition for a gun-construct- 
ing establishment. On the other hand, it is apparent that many private firms 
have furnace capacity enough to produce large ingots, but they have small forging 
facilities, and the cost of a heavy hammer and cranes, etc., is so large (from 
$200,000 to $500,000) that they hesitate to purchase, being uncertain whether 
they will ever receive enough government orders to cover the cost of the plant. 

This being the case, if it be determined to stimulate private enterprise, three 
courses seem open, two of which are virtually the same: 

1st. Sufficient orders can be guaranteed to a firm to induce it to purchase a 
hammer and engage in production for the government. 

2d. A hammer can be purchased for a firm and sufficient orders be given to 
enable the company to reimburse the government for the cost of the hammer by 
means of rebate per pound of steel delivered. 

34. Let the government purchase a hammer, and, erecting it in some steel 
center (say near Philadelphia), maintain it with a force sufficient to work it; let 
companies having heavy forgings to make on government orders send their 
ingots to this forge and have them hammered under ¢heir own direction and 
supervision, the government charging a reasonable amount for the use of its 
hammer, its fuel, the services of its workmen, and wear and tear, this sum to be 
deducted from the contract price of the forgings. Of course, there will be a 
charge against the government for transportation of forgings to and from the 
hammer, and this will result in the restriction of heavy government work to the 
firms in the vicinity of the hammer, 

Of these plans the Bureau prefers the last. The first two have the defect of 
destroying the competition and confining the government to steel of a particular 
production. 

The adoption of the latter plan would be no doubt expensive (in maintenance 
and transportation charges), and would probably confine serious competition to 
the neighborhood of the hammer, but the government would be in a measure 
independent of the companies, and if, in the future, it were deemed best to 
establish foundries and constryction shops, the hammer could be removed to 
them. 

I am, Sir, with high respect, your obedient servant, 
MONTGOMERY SICARD, 
Hon, WILLIAM E, CHANDLER, Chief of Bureau, 
Secretary of the Navy. 


In the following letter, copies were enclosed of the correspondence 
already presented by Mr. Harris (pages 541, 542): 


NAVY DEPARTMENT, 
Washington, February 6, 1883. 

Sir: The Department sends you herewith a communication from the South 
Boston Iron Company and also one from the West Point Foundry, suggesting 
a consolidation of interests by these firms, and the erection by them of a large 
ordnance-producing establishment, to furnish funds for the building of which 
the United States shall issue bonds similar to those issued to aid in the con- 
struction of the Pacific Railroad. 

The question of the manufacture of ordnance for the government by private 
firms has been alluded to in the Report of this Department, and is also discussed 
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in a report to the Department by the Chief of the Bureau of Ordnance, dated 
February 3, which communication has been sent to you in my letter of the sth 
instant. 

In the latter document the objections to concentrating the expensive plant 
for all ordnance work in a single private factory are stated, but as the Depart- 
ment considers that your committee should be in possession of the views of 
two of the principal firms interested, their communications are inclosed. 

I have the honor to be, very respectfully, 
WM, E. CHANDLER, 
Secretary of the Navy. 

Hon. WILLIAM B, ALLISON, 

Chairman Committee on Appropriations, United States Senate. 


During the following discussion of the bill in the Senate, some 
changes were made in the text of the clause authorizing the appoint- 
ment of the Gun Foundry Board: 


The next amendment was, in line 191, after the word “‘ and,” to insert ‘ one- 
half”; so as to read: 


And one-half of any balance of the appropriation made for commencing the 
manufacture of steel rifled breech-loading guns with carriages and ammunition, 
that may be expended during the fiscal year ending 1883, is hereby re-ap- 
propriated and made available for continuing that service during the fiscal year 
ending June 30, 1884. 


Mr. ANTHONY. I ask the Senator in charge of the bill why the whole amount 
is not appropriated? Why is it stricken down to one-half? 

Mr. HALE. The committee considered that in the state of progress that the 
work is in, hardly anything having been expended, and much more time being 
required before large appropriations could be used, one-half of the amount in 
hand, which is nearly all of the appropriation last year, together with the 
$150,000 that we give now, would be all that could be expended during the year. 
That is the reason why it was limited to that. 

Mr. MCPHERSON. May I ask the Senator in charge of the bill what sum has 
been previously appropriated, which appropriation has lapsed, of which he 
intends to appropriate one-half? 

Mr. HALE. One hundred thousand dollars. 

Mr. McPHERSON. That would then add $50,000 to this appropriation ? 

Mr. Hate. Nearly $50,000, as very little of it has been expended. 

Mr. McPHERSON. Why has it not been expended? 

Mr. HALE. Because these experiments are things that should be conducted 
carefully, with great deliberation, and the Department has not been in a con- 
dition where it could expend the money advantageously. It requires time, as 
the Senator will see, in making these experiments in order to decide how they 
can best make them. I think it has been rather meritorious on the part of the 
Department that they have not rushed into the matter with hot haste, but have 
been deliberate and cautious. 
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Mr. McPHeRsON. There have been tests of ordnance in other countries 
that have proved to be successful, showing ordnance of proper quality, of pro- 
per efficiency. Is there any reason why the Department should delay the pur- 
chase of guns, which I understand are sadly needed, or is it the purpose of the 
committee in this bill to restrict the Department to the manufacture of ordnance 
here, of which we are not ready to make any? 

Mr. HALE. The Senator from New Jersey knows, if he has read any of the 
literature touching the experiments in gunnery abroad, that other powers have 
spent immense sums of money in experiments compared with which our ex- 
penditures are bagatelles; and that the history of the last fifteen years 
especially will show that of all the enormous sums of money expended large 
portions have brought nothing. We are not prepared to go into anything of 
that kind. I suppose there might be emergencies resting upon us whereby the 
American Congress would be impelled to make liberal and even lavish appro- 
priations, so that the work might be at once, at great expense and loss and 
extravagance even, brought to something like a head. But in our condition, 
and with no apprehension of immediate trouble, the Department and the Bureau 
are very careful about purchasing where there is some question as to which is 
the best, or in experimenting and devising means that should lead to our 
manufacturing these guns. For these reasons, as I have said, they have been 
what the Senator may call slow, but I think it is better in this regard to make 
haste slowly. 

Mr. McPHERSON. I admit the force of the Senator’s remarks so far as the 
appropriations by this Government are concerned for experimental purposes, 
but the experiment having been tried by other nations, I see no good reasons 
why we should not avail ourselves of the experience of other nations, so far as 
gums are concerned. We last year appropriated, according to the statement of 
the Senator, $100,000 for ordnance. Not one dollar of that money has been 
expended, and we are sadly in need of the ordnance to place upon our fortifica- 
tions and upon our naval vessels. An additional sum of $150,000 is now 
appropriated in this bill, to which it is the purpose of the committee to add 
one-half of the lapsed appropriation, making $200,000. Next year I suppose 
the committee will report to the Senate that the $200,000, or a portion of it, 
has been expended in experiments, when instead of availing ourselves of the 
experiments of others, which according to his statement have been very costly, 
which they have made and which have shown conclusively that they ave perfect 
things, it is not the purpose of this Government to avail itself of that experience 
or that knowledge. 

Upon this question I am very much of the opinion that the trouble is from 
the want of a sufficient appropriation, and I do not know that it is wise to make 
it, to establish a plant to do all the work and go to all the expense necessary to 
establish it and make it efficient. I do not know but that the best plan to 
pursue would be to buy our ordnance abroad, or wherever we could get it, in- 
asmuch as we need it as sadly as we do now. 

The PRESIDENT fro tempore. The question is on agreeing to the amendment 
of the Committee on Appropriations. 

The amendment was agreed to. 
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The next amendment was, in line 206, before the word “officers,” to strike 
out “five”’ and insert “six”; in line 210, after the word “foundry,” to insert 
“or what other method, if any, should be adopted”; and in line 211, to strike 
out “ordnance,” and insert “‘heavy ordnance”; so as to make the clause read: 


That the President of the United States is hereby authorized and requested 
to select from the Army and Navy six officers, who shall constitute a board for 
the purpose of examining and reporting to Congress which of the navy-yards 
or arsenals owned by the Government has the best location and is best adapted 
for the establishment of a Government foundry, or what other method, if any, 
should be adopted for the manufacture of heavy ordnance adapted to modern 
warfare, for the use of the Army and Navy of the United States, the cost of all 
buildings, tools, and implements necessary to be used in the manufacture 
thereof, including the cost of a steam-hammer of sufficient size for the manu- 
facture of the heaviest guns; and that the President is further requested to 
report to Congress the finding of said board at as early a date as possible ; 
Provided, That no extra compensation shall be paid the officers serving on the 
board hereby created. 


The amendment was agreed to. 


Mr. Locan. In the first place, it was argued some few years ago that if 
armor over twelve inches thick were put upon a vessel, the vessel could not 
plow the seas. It has been discovered since that the gentlemen who said that 
did not understand what they were talking about. We cannot build a vessel 
merely for the purpose of having it so that it cannot be penetrated, but we 
ought to have a vessel with a gun on it that can penetrate some other vessel. 
In other words, we must not always be preparing to put ourselves in such a 
condition that we cannot be hurt at all, but we must put ourselves in such a 
condition that we can hurt somebody else. That is the true theory, in my 
judgment; and if we have the right character of gun upon a vessel that has 
eight or ten or twelve inches of armor, she is a good war vessel. That is the 
point you want, the gun, and not particularly the thickness of the armor of the 
vessel, so that you have it up to a certain point, as to have your machinery 
covered, for instance. 

Mr. MCPHERSON. I quite agree with the Senator from Illinois that guns 
have gone in their destructive power far beyond the resisting power of vessels. 
I also agree with him that what we need are heavy guns. 

Mr. HALE. On page io, line 215, after “steam-hammer,” I move to add 
“or apparatus ”; so as to read: 


Including the cost of a steam-hammer or apparatus of sufficient size for the 
manufacture of the heaviest guns. 


The amendment was agreed to. 


The report of the committee of conference having been accepted, 
and the bill passed, the clause authorizing the constitution of a board 
to report what method should be adopted to provide heavy ordnance 
adapted to modern warfare, stood as follows : 


That the President of the United States is hereby authorized and requested 
to select from the Army and Navy six officers, who shall constitute a board for 
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the purpose of examining and reporting to Congress which of the navy-yards 
or arsenals owned by the Government has the best location and is best adapted 
for the establishment of a Government foundry ; or what other method, if any, 
should be adopted for the manufacture of heavy ordnance adapted to modern 
warfare, for the use of the Army and Navy of the United States; the cost of 
all buildings, tools, and implements necessary to be used in the manufacture 
thereof, including the cost of a steam-hammer or apparatus of sufficient size for 
the manufacture of the heaviest guns; and that the President is further 
requested to report to Congress the finding of said board at as early a date as 
possible : Provided, That no extra compensation shall be paid the officers serv- 
ing on the board hereby created. 


On the second of April, 1883, the President issued the following 

order : 
EXECUTIVE MANSION, 
Washington, April 2, 1883. 

Under the provisions of section one of the “Act making appropriations for 
the naval service for the fiscal year ending June thirtieth, eighteen hundred and 
eighty-four, and for other purposes,” approved March 3, 1883, the following 
named officers of the Army and Navy will constitute a board for the purpose of 
examining and reporting to Congress which of the navy-yards or arsenals 
owned by the Government has the best location and is best adapted for the estab- 
lishment of a Government foundry, or what other method, if any, should be adopted 
for the manufacture of heavy ordnance adapted to modern warfare, for the use 
of the Army and Navy of the United States, the cost of all buildings, tools and 
implements necessary to be used in the manufacture thereof, including the cost 
of a steam-hammer or apparatus of sufficient size for the manufacture of the 
heaviest guns: 

Commodore EDWARD Stimpson, U.S. Navy. 

Captain EpmunpD O, MatrHeEws, U., S. Navy. 

Colonel THomMAs G. BAYLOR, Ordnance Department, U.S. Army. 

Lieutenant Colonel HENRY L, ABBoT, Engineer Corps, U. S. Army. 

Major SAMUEL S. ELDER, 2d Artillery, U. S. Army. 

Lieutenant WILLIAM H. JAQqugs, U. S. Navy. 

CHESTER A. ARTHUR. 


In pursuance of the above order, the Board met in Philadelphia, 
Pa., April 10, and organized, with Commodore Edward Simpson, 
U. S. N., President, and Lieutenant William H. Jaques, U. S. N., 
Secretary. 

From this date the Board was actively employed at home and 
abroad, seeking such information as would satisfactorily reply to the 
Act of Congress. On February 16, 1884, the Board presented its 
report : 

Gun Founpry Boarp, 


1727 Pine Street, Philadelphia, Pa., February 16, 1884. 
Zo the President: 


In accordance with your instructions of April 2d, 1883, issued under 
the provision of section 1 of the “Act making appropriations for the 
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naval service for the fiscal year ending June 30th, 1884, and for other 
purposes,” approved March 3, 1883, the Board composed of six officers 
selected from the Army and Navy, “for the purpose of examining and 
reporting to Congress which of the navy yards or arsenals owned by 
the Government has the best location and is best adapted for the estab- 
lishment of a Government foundry, or what other method, if any, should 
be adopted for the manufacture of heavy ordnance adapted to modern 
warfare, for the use of the Army and Navy of the United States, the 
cost of all buildings, tools, and implements necessary to be used in the 
manufacture thereof, including the cost of a steam-hammer or apparatus 
of sufficient size for the manufacture of the heaviest guns,”’ has the 
honor to submit herewith its report and the record of its proceedings, 

In order to reply satisfactorily to the Act of Congress, it was necessary 
for the Board to seek information in Europe, and visits were made to 
England, France, and Russia. It is appropriate to state that your 
Board was received by both Government officials and by private com- 
panies with much cordiality, and every assistance was rendered in its 
investigations in those countries. 

It was the desire of the Board also to visit the large German steel 
works at Essen, but the permission to do so, which was requested of 
Mr. Fried. Krupp, was not granted for reasons that will be found stated 
in the copy of correspondence attached to this report. 

The Board, having completed its duties, has adjourned sine die. 

Very respectfully, for the Board, 
E. SIMPSON, 
Rear-Admiral United States Navy, President of the Board. 


REPORT OF THE GUN FouNDky BOARD. 


“ The act of Congress, approved March 3, 1883, under which 
the Gun Foundry Board was organized, calls for a report on 
the following points : 


1st. Which of the navy-yards or arsenals owned by the Government 
has the best location, and is best adapted for the establishment of 
a Government foundry. 

2d. What other method, if any, should be adopted for the manu- 
facture of heavy ordnance adapted to modern warfare, for the use of the 
Army and Navy of the United States. 

3 The cost of all buildings, tools, and implements necessary to be 
used in the manufacture thereof, including the cost of a steam-hammer 
or apparatus of sufficient size for the manufacture of the heaviest guns. 


The first question presupposes the establishment of a Gov- 
ernment Gun Foundry, properly so called, the establishment 
to be under the absolute control of the Government, and the 
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details of all work to be supervised and directed by Govern- 
ment officers. 

The answer to this question involves simply an expression 
of opinion as to the superior adaptability, for the purposes of a 
gun foundry, of any navy yard or arsenal now owned by the 
Government. 

The second question imposes no limitation, and calls upon 
the Board to suggest ‘any other methed” (apart from a 
Government foundry, pure and simple) by which the purposes 
of the act of Congress can be achieved. The Board is evi- 
dently called upon to consider the subject of joint action 
between the Government and private parties for the accom- 
plishment of a national purpose. 

The Board decided that there were three points of view from 
which this subject should be considered, viz. : 

1st. That the Government should supplement the plants of some of 
the steel workers of the country with such additional tools and imple- 
ments as would enable them to turn out finished steel cannon. 

2d. That the Government should give contracts of sufficient magni- 
tude to enable the steel workers of the country to supply the finished 
guns without its direct aid. 

gd. That the Government should establish on its own territory a plant 
for the fabrication of cannon, and should contract with private parties 
to such amount as would enable them to supply from the private indus- 
tries of the country the forged and tempered material. 


The course of the investigation being thus indicated, letters were 
addressed to the Secretaries of War and the Navy, requesting any 
information in their possession relating to 

I. Description, capacity, and cost of equipment of the European 
arsenals and foundries, capable of casting and manufacturing the 
largest guns. 

I]. Plans of the navy yards and arsenals, covering the following 
requisites : 

Defensibility. 

Possibility of expansion. 

Convenience of proving and testing. 

Proximity of iron, coal, and water communication. 

Character of foundation. 

Salubrity of climate. 

There were no reports on file in the departments that could give 
any satisfactory information on I.; but, plans of the navy yards and 
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arsenals (II.) were furnished, accompanied by detailed descrip- 
tions. 

The Secretaries were further requested to direct the Chiefs of 
Ordnance to communicate to the Board the views and plans best cal- 
culated to assist the object: the following replies were received : 


ORDNANCE OFFICE, WAR DEPARTMENT, 
Washington, May 8, 1883. 
Commopore E. Simpson, 
President of Board on Foundry, etc. 

Str: Your letter to the Honorable Secretary of War of the tst inst., request- 
ing ‘‘that the Chief of Ordnance may be directed to communicate to the Board 
such views and plans as may seem to him best calculated to assist the object 
in view,” that is, the establishment of a national foundry at a navy yard or 
arsenal, or any other method, whereby heavy ordnance adapted to modern war- 
fare can be manufactured, has been referred to my action. 

1st. As to the Navy Yards.—The location of our navy yards, in close prox- 
imity to the entrance of our principal harbors, is a bar to their selection. The 
only exception is the Washington Navy Yard, and the objections to it are its 
distance from supplies of coal and metals, and from centers of skilled labor 
and manufacturing facilities. 

2d. As to the Arsena/s.—The principal eastern arsenals are the Watertown, 
Mass.; Watervliet, N. Y.; Allegheny, Pa., and Frankford, Pa. My preference 
is for the Frankford Arsenal, located near the great iron and coal center of the 
country, with rail and water communication, and yet at a safe distance from the 
sea-coast. It has all the advantages of a location in a large manufacturing 
city, with every facility for procuring skilled labor and machinery. My second 
choice is Pittsburgh. 

3d. As to any other method.... The only other method is to assist and 
encourage some private foundry in establishing the plant necessary for such 
costly operations as the manufacture of heavy ordnance. 

4th. I take it that whatever plan may be adopted, the final object to be 
obtained is the production of too-ton guns. With this in view, the establish- 
ment of a national foundry will in the end cost many millions of money. A 
private foundry may be willing to co-operate with the Government, if the latter 
will provide some of the more costly plant, such as new furnaces, steam-ham- 
mers, large lathes, cranes, etc., the foundry to reimburse the Government by 
paying a certain percentage on all work performed with said plant until the 
whole cost is repaid. In the course of time—the length depending on the 
quantity of work annually ordered by the United States—the United States 
would be entirely reimbursed for the original expenditure, and the foundry 
become self-sustaining. It is believed that Congress would be more likely to 
approve of the smaller expenditure ; and the foundry could supplement Gov- 
ernment work by outside orders. Such a plan would combine in a marked 
degree and to the advantage of all concerned, private enterprise and activity 
with the so-called Governmental conservatism. If some practical scheme of 
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this sort can be decided upon, I believe it will prove the best for the early pro- 
duction of heavy ordnance. Provision of course should be made for the United 
States taking possession of the foundry at any time by paying the appraised 
value. 

sth. In determining this question, the cost “of all buildings, tools, and im- 
plements necessary to be used in the manufacture thereof, including the cost 
of steam-hammer, etc.,’? comes in as a most important factor. The success of 
such an undertaking will depend on the money expended upon it, and Congress 
will be largely influenced by the financial aspect of the case. The dollars and 
cents to be appropriated must be determined and reported on to anicety. How 
is this to be done? Such information can only be had at the foundries where 
such large plant has been erected and where such monster cannon have been 
manufactured. There is no such foundry in this country, and a safe and 
thorough solution can only be reached by personal inspection and study of 
foundries doing such work when in actual operation. I am satisfied that the 
Board should be ordered to visit the principal works and shops in England, 
France, and Germany. If it is in contemplation to produce the steel at the 
national or private foundry, then the question comes up, shall the steel made be 
by forging under heavy hammers, or by compression after the manner of Whit- 
worth. And in this connection I desire to express my opinion of the great 
importance of a thorough study of the Whitworth plant; the uniform success 
which has obtained in the use of this steel in heavy ordnance, places it without 
a superior in all the qualities of steel for gun construction. 


Respectfully, your obedient servant, 
S. V. BENET, 
Brig. General, Chief of Ordnance. 


BUREAU OF ORDNANCE, NAVY DEPARTMENT, 


Washington, May 11, 1883. 
ComMMODORE Epwarp Simpson, U. S. N., 


President of Foundry Board, Navy Yard, League Island, Pa, 

Sir: Your letter of the 1st inst., requesting the Navy Department to direct 
the chief of this Bureau to communicate to the board his views with regard to 
a Government establishment (or other means) for the manufacture of modern 
cannon, is received. 

The present views of the Bureau are much the same as those lately com- 
municated to the Department, and which were referred to the Senate Committee 
on Appropriations,* under date of February 5, 1883. . . . .« 

If wire-winding attains a practical development, it will probably tend to 
lessen the amount of heavy-cutting machine work upon cannon. 

It also appears quite possible that the tube may come to be the only large 
forging required in a gun; and the thickness of that even may, in the end, be 
considerably reduced. 

These points are not, however, at all practically settled as yet, and we must 
still consider that the jacket (the most difficult forging to produce) is an 
essential feature of the construction of cannon, requiring a powerful hammer 


* See page 548. 
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or other means of forging the mass. The hammer is the most evident agent 
for accomplishing this, and the one with which we are best acquainted. 

Fluid compression is thought to have merit, and is practically established in 
England, where it is used in conjunction with forging or squeezing by hydraulic 
pressure. The Bureau unfortunately has no exact information as to the detail 
of the hydraulic-squeezing process, and is therefore unable to give any decided 
opinion on its merits. 

It must, however, be said that the published results of tests of Whitworth 
steel are very favorable to this method; and as several large forgings have 
lately been ordered by the Bureau, of Sir Joseph Whitworth & Co., it is prob- 
able that an opinion on the product can be formed after the test of the tubes, 
jackets, etc., thus ordered. 

It is not thought that the production of steel-gun ingots will offer any in- 
superable difficulty to the steelmakers of this country; but they are totally 
deficient in proper forging facilities for such a piece, for instance, as the jacket 
of an 8-inch gun, and only one or two could hammer a tube for that caliber, 

It would thus seem that the creation of a proper plant for forging or squeezing 
is the point to which attention should chiefly be turned, as stated in the printed 
slip enclosed.* 

There are a number of machine-shops in the country which could do the 
machine work on hooped guns, under proper superintendence. 

Wire-winding will require a special tension attachment to lathes, with reels, 
etc., but it is not thought that the manufacture of such tools offers any special 
difficulty, neither does that of the wire-drawing apparatus. 

I am, Sir, your obedient servant, 
MONTGOMERY SICARD, 
Chief of Bureau, 


The following were addressed to several of the steel manufacturers 
in the country, and to the two companies employed in the fabrication 
of cannon: 

(Copy of circular letter to steel manufacturers. ] 
COMMANDANT’S OFFICE, NAvy YARD, LEAGUE ISLAND, 
Philadelphia, May 1, 1883. 

GENTLEMEN : I forward herewith a copy of a precept issued by the President 
of the United States, under the provisions of an act of Congress, appointing a 
Board charged with the duties mentioned in the order. Besides the consider- 
ation of the establishment of a Government foundry, pure and simple, and the 
determination of the suitability for this purpose of any site now the property of 
the Government, the Board desires to be informed as to the disposition of the 
steel manufacturers in the country to assist the object to be obtained, namely, 
to enable the Government to produce at home from its own material and manu- 
facture the heaviest ordnance required for modern warfare. 

The Board is informed of the propositions made to the steel manufacturers 
by the Chiefs of Ordnance under dates of February and Apziil, 1883, in which 


* See page 549. 
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certain requirements are presented, but in the calls thus made, the size of the 
castings does not exceed what would be suitable for the tubes of 8-inch guns. 

In considering the subject as now presented by the Board, your attention is 
asked to the fact that its interrogatories are intended to include the manufac- 
ture of steel guns up to 100 tons weight, It is further desired that you will 
carefully consider the methods of manufacturing gun-steel now employed in 
England, France, Germany, and Russia, with a view to the selection of any of 
the methods for its manufacture. 

The Board requests that you wiil consider the following problem, — 
Given your present plant, what aid would you require from the Government in 
order so to enlarge it as to be able to manufacture the heaviest ordnance, the 
work to include the entire process of manufacture from the casting of the 
ingots to the finishing of the gun. The Board would require an itemized 
statement of buildings, tools, hammers, or apparatus, with estimates of cost. 

Whether you conclude to consider this proposition or not, the Board requests 
a reply to its communication, and will be glad to answer any questions you may 


be pleased to present. Respectfully, 
E. SIMPSON, 


Commodore United States Navy, President of the Board, 


(Circular letter to South Boston Iron Company, and to Paulding, Kemble & Co.] 


COMMANDANT’S OFFICE, NAVy YARD, LEAGUE ISLAND, 
Philadelphia, May 1, 1883. 

GENTLEMEN: Referring to your communications of December 15, 1882, and 
January, 1882, to the honorable the Secretary of the Navy, and the Chief of 
Ordnance, War Department, in relation to the establishment of a plant capable 
of manufacturing the heaviest ordnance required for modern warfare, the Board 
asks your attention to the inclosed copy of a precept issued by the President 
of the United States in accordance with an act of Congress. 

Your consideration is also requested of the inclosed copy of a communica- 
tion addressed by the Board, constituted by the above-mentioned act, to the 
steel manufacturers of the United States. 

The act of Congress under which the present Board is organized is in the 
direction pointed out by your communications above referred to, and the Board 
will be glad if you will revise your proposition and so modify it as to reply to 
the interrogatory submitted as a problem in the inclosed letter to the steel 
manufacturers, as follows: Given your present plant, what aid would you 
require from the Government in order so to enlarge it as to be able to manu- 
facture the heaviest ordnance, the work to include the entire process of manu- 
facture from the casting of the ingots to the finishing of the gun? 


Respectfully, 
E. SIMPSON, 


Commodore United States Navy, President of the Board. 


As above referred to, fourteen of our steel manufacturers were 
called upon to provide steel of open-hearth production, made from 
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the best raw material; the ingots, within finished dimensions, to be 
perfectly sound, free from all cracks, blowholes, and other serious 
imperfections; all parts to be thoroughly forged down as near as 
possible to the required limits; to be annealed, rough-bored, and 
turned, and to meet the tests laid down by the Bureaus. Attention 
was urged to very long sinking-heads and to the necessity of cutting 
the ingot from the bottom end of the casting in order to insure sound- 
ness and a uniform quality throughout. 

In reply to a communication from the War Department, the Navy 
Chief of Ordnance submitted the following : 


BUREAU OF ORDNANCE, NAvy DEPARTMENT, 
Washington, March 20, 1883. 
CHIEF OF ORDNANCE, U. S. Army, 
Washington, D. C. 

Str: I have the honor to state in answer to your letter of the 14th instant, 
that the Bureau is at present unable to inform you which of our manufacturers 
possess the best facilities and experience for furnishing tubes, jackets, and 
rings for a steel gun of 8-inch caliber. No firm has yet been successful in pro- 
ducing 8-in. forgings of suitable quality for the guns the Bureau has in view. 

At various times invitations to bid on 8-inch tubes and jackets have been 
issued to a number of the principal steel makers of the country, and replies 
favorable to undertaking such work have been received from the following 
firms : 

Otis Iron and Steel Company, Cleveland, Ohio; Cambria Iron Company, 
Johnstown, Pa.; Park, Brother and Company (Black Diamond Steel Company), 
Pittsburgh, Pa.; Midvale Steel Company, Nicetown, Philadelphia, Pa. ; Naylor 
and Company (Norway Iron and Steel Works), Boston, Mass. 

Whether the firms referred to can really do the work is not known. 

I am, Sir, your obedient servant, 
MONTGOMERY SICARD, 
Chief of Bureau, 


The Chief of Army Ordnance addressed the following to thirteen 
of the leading steel manufacturers : 


ORDNANCE OFFICE, WAR DEPARTMENT, 
Washington, April 3, 1833 

GENTLEMEN: I enclose herewith drawings, giving the dimensions and 
weights for certain steel forgings, to wit: the tube, jacket, and trunnion-hoop 
for an 8” breech-loading rifle, and the trunnion-hoop for a 12” muzzle-loading 
rifled mortar, the construction of which is provided for by the Act of 1883 for 
the armament of fortifications, and request that you will inform this office 
whether you possess the facilities for manufacturing the same, of the qualities 
specified below. 
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Open hearth or Siemens-Martin steel is required. The ingots for the tube 
and jacket should weigh two and one-half times as much as the solid forgings, 
that the lower and sounder part only of the ingots may be used; and further, 
the diameter for the tube should be twice, and for the jacket as nearly twice as 
possible, the diameter of the finished forging, in order that the part of the 
ingots used may be drawn out under the hammer—that for the tube to four 
times its primitive length, and that for the jacket to not less than two and one- 
half times its primitive length—more is desirable. When turned to the diam- 
eters shown on the drawing, the forgings should be free from spots or soft places 
on the exterior. 

The physical qualities of the forgings, ascertained from tests of rings cut 
from each end after treatment, should be as follows, viz. : 


Elastic Resistance at Elongation at 
Limit. Rupture. Rupture. 
Tons. Tons, Per cent, 
Tab] ...ccc000 cocccccee covcce cocoeeece 18 38 18 
Jacket, ....c0ce+ seocesees covves covers 20 40 14 
Trunnion-hoops......... ccocccece 20 38 7 


To obtain the above qualities, using a low steel, special treatment will be 
requisite, the precise steps of which, as well as the most suitable proportion of 
carbon, must be ascertained by experiment. The general mode of procedure 
would be thus: After forging, the tube is annealed, and specimens for test 
taken; if satisfactory, it is then rough-bored and turned, and tempered in oil 
that is kept cool by a current of water, the time of its immersion in the oil 
being brief; it is then a second time annealed. 

The above is the method employed in France and Russia for the treatment 
of gun-steel, and differs, it is believed, from the process followed at the Royal 
Gun Factory and Sir William Armstrong’s works in England, in annealing 
again after the oil tempering. Krupp dispenses with oil tempering altogether, 
claiming to attain equally good results by covering the ingots, when withdrawn 
from the mould, with hot ashes and ‘keeping them so covered for months at a 
time, allowing the metal to cool very gradually. At the German works of 
Bochum also, and at Witten, gun steel is not oil tempered, as it is thought the 
process is attended with too much uncertainty. There, steel projectiles alone 
are tempered in oil. According to the Russian practice, it is stated, the tubes 
are allowed to remain in the oil tank only ten or fifteen minutes, and are then 
replaced in the heating furnace, from which the fire has in the meantime been 
withdrawn, and allowed to cool slowly. 

The following tables, taken from French sources, give some data relative to 
the effect produced by this mode of treatment: 
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EFFECT OF TEMPERING AND ANNEALING ON CAST-STEEL 
FOR GUNS. 


The following table shows the influence of hammering, tempering, and annealing 
at different temperatures on cast-steel run into ingots. 

















Limit of | Ultimate | Elongation | 
TREATMENT OF THE Bars. Elasticity. | Strength, | at Rupture. Remarks, 
Tons. Tons. Per cent, 

Bars cut from the ingot in its natural 

GERED cc ccce cocccccccccccceccccccccece 15.7 28.7 6.0 
Bars cut from the ingot and then ham- | 

MOTE occ cece scccccccccces eocccccoce 34-9 45.0 6.4 
Bars cut from the ingot and then ham- 

mered and tempered ....... eeece+ cece 27-3 52.5 10.3 Tempered in oil, 
Bars cut from the ingot and then an- 

nealed ata yellow heat.......eeseeses 20.6 35-5 119 
Bars annealed at a higher heat than the 

YONOW 0. eerccccccecsccccececes sees 13.3 36.5 19.4 
Bars cut from the annealed ingot and 

afterwards tempered...... cecesceccece 24-7 48.0 7-4 Tempered in oil, 
Bars cut from the annealed ingot and 

afterwards tempered and annealed.... 22.6 38.0 19.0 | Tempered in oil, 














The following results were obtained from several specimens of gun steel (Bessemer 
or Martin) forged and then tempered. 
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Elastic limit—tons per square ot... 16.5 | 19.0 |eeeess Reisite checeess 16.5 | 24.0 | 28.0 
Elastic elongation—per cent....... sees] 0.532 | 0.140 | 
. — 
Ultimate strength—tons persquare inch) 34.8 48.5 | 41.3) 48.5 | 62.0! 35.0 | 44.5] 455 
Elongation at rupture—per cent. .....| 7.4 5-5 | ar. 4.5| 1.0] 18.7 | 13.0] 16.5 

















This mode of treatment, by annealing after oil tempering, would seem to 
give a more suitable metal—one that combines a high elasticity with a consid- 
erable ductility—than any other mode of which this Department has informa- 
tion; and it is claimed that steel thus produced is rendered fairly homogeneous. 

There will also be required for the two guns in question a number of steel 
hoops of the following dimensions, viz. : 
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H | Oursese Diamerter,| Insipe Diameter, Wiprn, 
Numser or Hoops. | Approximate. Approximate. Approximate, 
Inches. Inches. Inches, 
6 8 
BBeocece cecce ° 32.1 26.2 2 
For Gun, BBiccccccccces cool 26,0 20.0 7-4 
Total, 39 10....... PrTTTTiTt tite | 20.6 15.4 8.5 
For mortar. { ss scneanbeceeoocbasesd 41.6 35.8 9.0 
Total, 14. Brcccce .coccccce ecece 37.0 29.0 11.0 











The physical properties required for the hoops are as follows : 


Winathe Tie occccccccccccccccccceccccccecccocceseccece sees eeccccccccccccce Sccccccceecers 22 tons. 
Resistance at Rupture.......-sscse ceseceeeeeecees Secccecerececccocs coccsescessosccece . +42 tons. 
Elongation at Rupture .... .ssccceseesreceececeeecreeeeeses © Soccer cccccccscvcccsereces 9 per cent. 


The hoops would best be obtained by rolling, and the preference is given 
abroad to horizontal rolling mills. 

In case you possess a tire-rolling mill, the alterations necessary to adapt it to 
the manufacture of gun-hoops should be determined with a view to rolling 
hoops of twelve inches width, if desired. A width of seven inches is the least 
that would be accepted, exclusive of the margin of one and one-fourth inches 
from which specimens for test are taken. 

The hoops also, should the tests made for that purpose prove satisfactory 
and the operation be attended with certainty, would be oil tempered. This 
seems to be the practice at present in Europe, outside of Germany. 

The data given below show the excellent physical properties of the oil-tem- 
pered hoops manufactured at the Creusot works in France, and Sir Joseph 
Whitworth’s works in Manchester, England; the figures were furnished this 
office directly from those works. 


Physical qualities of very large hoops furnished by foreign manufacturers 








for guns. 
a Elastic Resistance | Elongation 
MaAnuPACTURER. Limit. | at Rupture.| at Rupture. 
Tons. Tons. Per cent. 
Creusot works. Cast-steel, tempered in oil ........seseee0 20. 39- 14.0 
EGE, Gld SURG cscceccesccecestecegenne eas 19 to 23 32 to 36 24 to 28 
Whitworth & Co. Tempered in oil........ ee cceccecocanese 25 to 30 40 to 50 15 to 20 
Russian Government works. Tempered in oil.........+ eos 23. 37: 8.0 














Sir Joseph expresses his ability to furnish a stronger metal than the above 
and still retain ample elongation for gun material. Of the admirable quality 
of His steel there is no question, and his method of compressing the metal in 
the fluid state, and afterwards of subjecting it again to pressure instead of 
hammering, would seem to be the very best treatment for securing a sound and 
homogeneous product. It is stated, but with what authority is not known, that 
when Whitworth tempers his steel in oil he afterwards anneals it. The tube 
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(oil-tempered) of the 12-inch Whitworth rifle tested at Gavre gave a strength 
of 47.6 tons per square inch, with an elongation of twenty per cent. 

The following table shows the influence of tempering on steel bars with 
different proportions of carbon : 


INFLUENCE OF CARBON. 


The results of some experiments made at Terre-Noire, on steel bars 0''.8 in 
diameter and 7".9 long, are here given. 




















oo? Condition of the Bars. ate | a | Elongation, 
Toms. Tons. Per cent. 
Raw State ....s.eeeeeeee 11.0 23.0 32.5 
ose 1 rempered {im scree so | me | Be 
Raw State... seeeccceecceeercccseeccesens 15.0 30.0 or 
“9 Tempered |S Gatticccccssssssscsscscscess] | gue Se 2.5 
Raw State....0ssseecccercccecesccesceeeeess 18.0 39-0 10.0 
O70 Sangeet tS iascetcsccccsc, woes] Bikete |empeteg.| * 
Raw State....ceseceereeessreseeeceeneeenees 20.0 49.0 8.4 
_ Deng S Sabercsccccsscsessesessese] Beckoln [empemp | 
Raw State ....+-seeeeee es ececes coccccoccces 25.0 56.0 5.2 
a i Tempered {ip Walch ccs scsssutesssssass/ 4 Broke im} tempering. 
Sir Wm. Armstrong's experiments on a steel casting for a trunnion-hoop (unhammered). 
0.36 [1 Aer empering i oo 020000000 270 .s a 











The Department will also require a steel tube for a 10’’ rifle wound with 
wire. The diameter of the forged tube will be about seventeen inches and the 
length twenty-six and one-half feet. 

It is to be hoped that all the steel for the experimental guns, to be manufac- 
tured this summer, can be procured from home manufacturers, so that the 
Department may be able to furnish the next Congress with such information, 
as to the ability of our steelmakers to produce suitable gun forgings, as will 
warrant the request for a liberal appropriation for the production of steel guns; 
thus, we may hope to develop gradually our home facilities until we are in a 
condition to manufacture steel guns of the largest caliber. It is believed the 
steel can be furnished if, for the present, the steelmakers will co-operate with 
one another, the works possessing the best furnaces, for instance, casting the 
ingots, and then arranging with the works possessing the heaviest hammers to 
do the forging until their own facilities are sufficient for the purpose. 

It is the desire of the Department and the intention of the law to depend on 
home products exclusively, if possible ; but if the heavier forgings must now 
be procured abroad, the lighter ones may still be produced here. Rolled hoops, 
especially, should be manufactured here with comparatively little delay or 
trouble. 
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Should the proposed 12” experimental mortar, cast-iron, hooped with steel, 
prove successful (as there is every reason to believe it will, from the good re- 
sults obtained with like constructions abroad), it is the intention of the Depart- 
ment to make application to Congress for sufficient appropriations to fabricate 
a considerable number of such pieces. The manufacture of steel hoops is one 
of the first and simplest steps in the production of gun steel, and has been in 
successful operation abroad even where the industries were unable to produce 
the larger and more difficult forgings required for gun tubes. 

It is urged upon our steelmakers to give this subject their serious considera- 
tion. The Department desires to give all possible assistance and encourage- 
ment in this matter. 

With your reply I should be pleased to have an expression of your views 
generally upon the subject matter of this letter. 

Very respectfully, your obedient servant, 
S. V. BENET, 
Brig. Gen., Chief of Ordnance. 


The following replies to the circular letter of the Gun Foundry 
Board were received : 

6 OLIVER STREET, 
Boston, May 8, 1883. 

Sir: We have the honor to acknowledge the receipt of your circular letter 
dated the 1st instant, addressed to us, and also one of similar tenor addressed to 
the Norway Iron Works. 

In reply to the same we regret to be obliged to say that, owing to con- 
templated changes at our works, we cannot at present hold out any prospect of 
being able to furnish the Government with steel guns such as are mentioned in 
your letter, Should we, at a later date, be in a position to supply them, we 
shall then be happy to take up the matter and furnish the Board with estimates. 

We are, Sir, very respectfully, yours, 
NAYLOR & CO. 

Commodore E. Simpson, U. S.N., 

President of the Foundry Board, Navy Yard, League Island, Philadelphia, Pa. 





West Point Founpry, 
Cold Spring, May 10, 1883. 

Sir: We beg leave to acknowledge the receipt of your communication of 
May 1. The problem proposed to us is a difficult one, and we would inquire 
how much time you can allow us to look into the matter, 

We would also ask you if you are correct in assuming that guns will be 
required from 6-inch to about 16-inch caliber, and if you can give some idea of 
the number of each kind which such an ordnance establishment should produce 
in the course of a year to meet the wants of the Government, 

Very respectfully, your obedient servants, 
PAULDING, KEMBLE & CO. 

Commodore E, Simpson, U. S. N., 

President of Board, Navy Yard, League Island. 
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PARK, BROTHER & Co., 
Pittsburgh, Pa., May 10, 1883. 
DEAR Sir: Weare in receipt of your esteemed favor of Ist instant, and care- 
fully note contents. We will take the matter into consideration, and write you 
further on the subject in a few days, 


Yours truly, 
PARK, BROTHER & CO, 


E. Stmpson, Esq., 
Commodore United States Navy, President Foundry Board, Washington, D.C. 





OFFICE OF THE SourH Boston IRON WoRKs, 
70 Water Street, Boston, May 12, 1883 

Sir: I have the honor to acknowledge receipt of your communication of Ist 
instant with inclosures named. I have given much consideration to the subject 
concerning which you make inquiry, and realize its great importance. I propose 
to thoroughly study the question and obtain expert assistance in making such 
investigation, and in preparing such estimates and plans in detail as will enable 
me to present to your Board the design of a practicable plant for the manufac- 
ture of heavy ordnance adapted to modern warfare, including a steam-hammer 
or apparatus of sufficient size for the manufacture of the heaviest guns. 

It will be three or four months before I shall have completed this work, as I 
contemplate a visit to the important establishments in Europe for consultation 
and observation. 

Meanwhile, I remain very respectfully, your obedient servant, 
WM. P. HUNT, 
President South Boston Iron Works. 

Commodore E. Simpson, U. S.N., 

President, &c., Commanding League Island Navy-Yard, Philadelphia. 





PirrsBURGH, Pa., Afay 22, 1883. 

DeaAR Sir: Your favor under date of May 1 is at hand. Replying thereto, 
we beg to say that we fear the expense of altering and adding large additional 
machinery to our present plant, which is new and improved, would be more 
than the Board would entertain. Our location in this market we claim is as 
good, if not better, than that of others for the shipping and hauling of heavy 
shapes, either by the Ohio river or by rail, and if the extra machinery was 
added to our plant, the ordnance reyuired could be produced as cheaply and 
as effectively as at any other point in the country. 

We would not entertain a proposition that would leave us high and dry when 
the present honorable commission retired, but must be guaranteed or subsi- 
dized for at least ten or fifteen years. This would insure safety to ourselves 
for changing or allowing to be changed, our present plant, which is already 
adapted to turning out in the neighborhood of 12,000 tons of steel per annum, 
and would, we feel, be more satisfactory to the Government. 

If the honorable Board would outline for us the size of plant governed by the 
number of guns, tonnage, &c., required, and about the sum the Government 
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would limit itself to invest, we could more accurately inform ourselves what 
would be necessary. 
We are, Sir, yours respectfully, 
PITTSBURGH STEEL WORKS, 
ANDERSON, DU PUY & CO. 
Hon. E. Simpson, EsqQ., 
Commodore United States Navy, 
President Board of Ordnance, Philadelphia, Pa. 


THE MIDVALE STEEL COMPANY, 
Nicetown, Philadelphia, May 26, 1883. 

DEAR Sir: Your circular letter of May 1, calling the attention of this com- 
pany to the existence of the Board of which you are president, and to the object 
for which it has been created, came duly to hand and would have received a 
more prompt acknowledgment had we not been prevented from presenting the 
matter to the attention of our president, Mr, Wm. Sellers. 

This company has given the subject of the manufacture of steel for ordnance 
considerable attention, and has had some success in the production of pieces 
of moderate size— such, for instance, as are required for 6-inch breech-loading 
guns. 

Our capacities are at present very limited for this sort of work, heavier than 
the above mentioned ; but, from our past experience, we feel confident that in 
case we could be insured a sufficient amount of work to make the undertaking 
remunerative, we could, with proper appliances, produce successfully large 
masses of steel for ordnance purposes. 

In considering the matter with a view of answering the Board’s inquiry as to 
what additions would have to be made to our present plant in order to enable 
us to produce the parts of a 100-ton steel gun, we would now ask the Board to 
kindly furnish to us the approximate dimensions of the largest masses of steel 
required in the construction of a gun of this weight. We could then consider, 
more intelligently, the problem in question. 

Awaiting the Board’s reply, we remain, 

Yours respectfully, 
R. W. DAVENPORT, Superintendent. 
Commodore E. Simpson, U. S. N., 
President Foundry Board, Navy Yard, Philadelphia. 





PITTsBURGH, PA., May 24, 1883. 
Dear Sir: Referring again to your esteemed favor of 1st instant, would say 
our Mr. William G, Park will probably be in Philadelphia within a week and 
will then see you and discuss the subject thoroughly. 
Yours truly, 
PARK, BROTHER & CO. 
E. Stmpson, Esq., 
Commodore United States Navy, 
President of Foundry Board, League Island, Philadelphia, Pa. 
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SPRINGFIELD, ILL., June 2, 1883, 

DEAR Str: Your letter of May 1, in regard to the establishment of works for 
the manufacture of heavy steel guns, was duly received and has been con- 
sidered. In reply, I have to say that this company has a plant consisting of 
three “Pernot” open-hearth steel furnaces, so arranged that we can readily cast 
ingots weighing say 40 gross tons. We could also easily arrange to increase the 
weight to so tons, and by the addition of one or two furnaces to 75, or even as 
high as gotons. I am not very familiar with the nature of the tools and other 
appliances which would be necessary to finish the different parts of the gun 
from the ingot; but suppose we have but little, if anything, in our plant that 
would apply. For this same reason I am not prepared to furnish an estimate 
of the amount of aid which we would require to enable us to prepare ourselves 
for the undertaking which you have in view. I can say, however, that we 
would be glad to co-operate with the Government in establishing a plant of the 
kind wanted, and that we would fit up our works with everything necessary 
upon being satisfied that it would receive a fairly remunerative business by so 
doing. Or we will, if it is preferred, and time can be given, procure estimates 
of the cost of whatever may be needed, and allow the Government to furnish the 
same on any fair understanding as to what compensation we shall receive for 
the use of what we now have. In this latter case, we would request that you 
furnish the specification for an outfit of such a kind as you think will be best 
adapted to the purpose in view. 

We think that this place affords some advantages for the business in con- 
templation. It is far enough inland to be at all times safe from interference 
from a foreign foe. Our transportation facilities are ample. We have an 
abundance of exceedingly cheap fuel and easy access to the best raw materials 
to be had in Missouri or on Lake Superior. 

This company has been operating an iron-rail mill and bar mill very success- 
fully for about twelve years, and is just completing a large mill for rolling steel 
plates of any thickness, and up to 110 inches wide. It is expected that this 
mill will be fully equal to anything of the kind in the country. It is possible 
that it may be to the advantage of the Government to take some ship plates 
from this mill at some future time for use at some of the various navy yards or 
on the western interior waters. It is also possible that our bar mill may be of 
use in furnishing some of the lighter parts to be used in the manufacture of 
steel guns of moderate weight. 


Asking the favor of a reply, I am yours respectfully, 
C. RIDGELY, 


President. 
Commodore E. Simpson, U. S. N., 
President Foundry Board, League [sland, Philadelphia. 


“The replies were unsatisfactory, the subject being a new one 
to the parties addressed. The expense to be incurred could 
not be calculated upon any known basis, and the Board was 
unable to satisfy the calls made upon it for further information 
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as to the number of guns required or the probable extent and 
cost of a plant for the manufacture of such heavy guns as the 
act of Congress contemplated. 

It was evident that none of the desired information could be 
obtained from our manufacturers, because of their lack of ex- 
perience on this subject. It was known, too, that several of 
the European Governments had had more or less experience 
of joint action with private artillery establishments. The call 
by the act of Congress for “the cost of all buildings, tools, and 
implements for the manufacture of the heaviest guns” could 
be answered only by information and experience obtained from 
abroad, as no such tools or implements have been manufac- 
tured or are in use in the United States. The steam-hammer 
mentioned in the act was recognized as a subject requiring 
careful consideration. It is coupled with a qualification, “or 
apparatus of a sufficient size,” which indicates that there existed 
a doubt as to the propriety of the use of a steam-hammer for 
forging if other “apparatus of sufficient size” could be made 
more efficient. The advances made of late years in the pro- 
cess of forging by compression made this a very important 
matter for consideration. This subject is necessarily connected 
with that of the manufacture of the metal to be forged, and 
involves a study of the recent developments in steel. The actual 
condition of the armaments abroad, so far as it illustrates the 
latest ideas, was felt by the Board to be an important part of 
the information on which it should report, as the character of 
the new constructions of cannon would necessarily control that 
of the tools to be recommended for use in their fabrication. 

The foregoing reasons governed the Board in its decision to 
represent the necessity of seeking information abroad. Orders 
were issued and the Board proceeded to Europe. The first 
visit was made to England.’’* 


* Gun Foundry Board Report. 














II. 
ENGLAND. 
SourcEs OF SUPPLY AND CONDITION OF ARTILLERY. 


In reply to the requests of the Board, the most cordial responses 
were given by both government officials and private companies ; and 
at all of the establishments visited, every opportunity was given for 
the investigation of their special productions, with one exception. 
Messrs. Vickers, Sons & Co., of Sheffield, decided, that in view of 
the severe competition of the time, they were not called upon to 
show their methods of producing steel. 

“ Previous to the year 1859, the Royal Arsenal of Wool- 
wich was the only source from which the armament of England 
was supplied. The arsenal was a purely governmental estab- 
lishment, in which there were several departments. The 
department of the Royal Gun Factories was always under 
the command of an officer of the Royal Artillery; and here 
all cannon for the army and navy were fabricated. 

Since the year 1859, the Elswick Works, at Newcastle-on- 
Tyne, has been a source of supply on which the Government 
has drawn more or less for guns. The experience of the 
connection of the English Government with these private 
works bears directly upon the subject of joint action between a 
Government and a private firm. 

This connection dates from the time when attention was 
called to the improvements in rifled ordnance inaugurated by 
Mr. William G. Armstrong.” * 

The Armstrong gun was first brought to the notice of the Govern- 
ment in 1854, and Mr. Armstrong was authorized by the Duke of 
Newcastle to construct one or more guns on the plan suggested, and 
to make the necessary experiments at the government expense. 

In July, 1855, a 3-pounder (Plate I.) was delivered, with a report of 
the experiments that had been made with it. In its production, Mr. 


* Gun Foundry Board Report. 
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Armstrong not only presented it as a test of his system of gun-construc- 
tion, but also gave attention to breech-loading, mechanical arrange. 
ments to counteract recoil, facility of laying and pointing, and the 
tensile strength of materials suitable for gun-construction. The fol- 
lowing is a description: 


A core, or internal lining for the gun, was formed of cast-steel, to which 
the requisite strength was given by encircling it with twisted cylinders of 
wrought-iron, made in a similar manner to gun-barrels, and tightly contracted 
upon the steel core by the usual process of cooling after previous expansion by 
heat; the parts are then in that state of initial tension which is necessary to 
bring their entire strength into operation. Considerable difficulties were en- 
countered in carrying this plan into practice. 

The arrangement for loading at the breech consists of a powerful screw 
having a hole through the centre in the prolonged line of the bore, through 
which hole the bullet and charge are delivered into the gun. 

















BREECH-MECHANISM---ARMSTRONG t10-POUNDER. 


A breech-piece with a mitred face, fitting a similar face at the end of the 
bore, is dropped into the recess, and by the action of the screw pressed tightly 
into its seat, so as effectually to close the bore. The fitting services which 
close the bore were at first made of unhardened steel; this failed. Hardened 
steel was next used, but this yielded to the action of the powder more rapidly 
than before ; copper was then tried and no further difficulty experienced. The 
breech-piece contains the vent. 

The bore is 1 inches in diameter, and contains eight spiral grooves, having 
an inclination of one turn in twelve feet; these grooves terminate at a distance 
of fourteen inches from the breech, and the bore then gradually expands in’ 
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length of three inches, from 13 inches to 1% inches in diameter. The bullet, 
in the process of loading, passes freely through the widened space ; but, its 
diameter being a little in excess of that of the bore, it lodges in the tapered 
contraction of the commencement of the grooves. The weight of the gun by 
itself is about 5 cwt. Including the carriage, the weight is about 15 cwt., 
which is nearly identical with that of the light 6-pounder brass gun and car- 
riage of the service. The weight of the projectile (composed of lead, hard- 
ened with antimony and tin) is three pounds. A long course of experiments 
was made to determine the best form; numerous forms were tried, and Mr, 
Armstrong was of opinion that experiments should be continued in order to 
arrive at perfection. The form last used was a cylinder, pointed in front, with 
aconical end behind. The charge was fourteen ounces of fine blasting powder. 
There is an ingenious arrangement for absorbing the recoil, and another 
by which the pointing and elevating are expeditiously and correctly performed. 
The gun was brought to Woolwich for inspection, and was then sent to Shoe- 
buryness for experiment. Mr. Armstrong stated that 800 rounds had already 
been fired from it. At Shoeburyness, too rounds were fired at elevations vary- 
ing from &%° to 7°. A very long range was obtained ; though it was not always 
uniform, the direction was extremely accurate. The shot did not proceed 
point foremost after the first graze. All the shots that were recovered showed 
marks of their having completely taken the rifle-grooves. A considerable escape 
of gas took place at the breech; the gun was loaded with great facility, and 
pointed quickly and accurately; the recoil was checked, but not entirely 
absorbed by the action of the slide on which the gun is mounted. After the 
completion of these experiments, Mr. Armstrong, believing the gun was stronger 
than necessary, sent the gun back to Newcastle, to be re-bored up to a 5- 
pounder, and to make some alteration in the rifling by which he expected to 
obtain increased accuracy. 


“In December, 1856, it was tried; the report stated that 
good practice was obtained at 1500 and 2000 yards. In Jan- 
uary, 1857,a second gun was ordered. It was an 18-pounder, 
and was tried in January, 1858. The report was favorable, 
and the gun was so far approved as to cause the recommenda- 
tion that two should be issued to the artillery to ‘knock about, 
and be reported on as to their endurance of work in com- 
parison with the service guns.’ 

In 1858 there arose a pressure for a supply of rifled field- 
guns for the army, and a committee, after investigation, re- 
ported that it was expedient to experiment only with the 
Armstrong and Whitworth guns. 

There has always been a controversy as to the manner in 
which the comparison between these two guns was made; but 
the result of the trial was the adoption of the Armstrong 
system for field service, which at this time involved the follow- 
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ing combination of construction, viz.: breech-loading, rifling, 
and coating the projectile with soft metal.” * 

Mr. Armstrong considered that rifled guns of this construction would 
be especially valuable where long range was required. He believed 
that he attained strength, durability, range, and accuracy by the 
system he had advanced. He described this method as the coil 
system, and gave the following definition : 


The construction of the gun is by a system of coiled tubes. I most approve 
of steel for the barrel when I can get the proper material ; but if not, then the 
alternative is to use coils for the barrel as well as for the external parts. The 
most prominent feature is the construction ; rifling is subordinate ; the relative 
merits of the breech-loader and the muzzle-loader is a very difficult question, 
and neither mode is peculiar to my system, The use of soft material for giving 
rotation, either in the form of a continuous coating, or in the form of studs, is 
an essential point. Respecting the construction of heavy ordnance by the 
process of twisting wrought-iron bars into cylinders, and combining them in 
the manner described, I believe no difficulty will be experienced if proper 
apparatus be provided. I do not recommend the breech-loading principle to 
be applied in such cases because the movable parts will be too cumbrous to 
be conveniently handled. 


Though the Armstrong coil system was adopted, the controversy 
continued, and in 1863 great prominence was given to the opinions of 
the principal exponents of the duz/t-up and coil systems. Neither 
advocated the general application of breech-loading, but each advo- 
cated a special rifling. Joseph Whitworth, Esq., said: 


I believe wrought-iron, that is to say, welded, metal is the very worst 
material you can use fora gun. With regard to the welding of the cul, sup- 
posing the metal to have a strength of 20 to 22 tons, the weld is found ¢» have 
a strength of not more than 14 or 15 tons; the strength of the homogeneous 
metal I recommend is about 40 tons and has no welds ; hence the tube must be 
infinitely better if made of homogeneous metal. It is highly desirable that it 
should be of right temper and properly manipulated. I am convinced that no 
large gun of welded iron will stand. I utterly condemn welded iron in a gun 
at all, either for the inner tube or for the coil. I go with Krupp, of Essen, the 
manufacturer of homogeneous metal. He is so satisfied with his material that 
he goes to a large size ; though his metal is good, I think he has not always 
sufficiently annealed it. In my system of manufacture, the tube of the gun is 
made taper, being in the 5%-inch gun one inch larger in diameter at the breech 
than at the muzzle; then a series of hoops are made, which are screwed 
together so as to form another tube; that is put on by hydraulic pressure; 
then the requisite tubes follow in the next series in the same way, being turned 


* Gun Foundry Board Report. 
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taper and pressed on. We do not anneal the hoops; we keep them harder for 
strength, so that in the case of homogeneous metal for hoops we have a 
stronger metal surrounding the tube, which will produce guns of great endur- 
ance. The system of rifling that suggested itself to me, as best adapted to this 
construction of guns, was the polygonal, as it afforded mechanical facilities for 
its employment. I adopted it; and the more experience I had of its use, the 
more its advantages developed themselves, both with regard to guns and pro- 
jectiles; and I now feel quite sure that it is the best system that can be em- 
ployed. It enables projectiles of the simplest character to be used; they ure 
the cheapest that can be made, as they are easily produced by self-acting 
machinery. They cause very little wear from friction, as they have great extent 
of rifling surface. It is little liable to injury and affords great facility for load- 
ing easily. Though the system of rifling adopted by me is termed the hexagonal 
system, the section is not a real hexagon. Windage is provided for by easing 
off the half of each side; also, in making the flat sides of the hexagon, part of 
the original bore is left in. These modifications are most important. The 
projectile has six flat sides and six rounded surfaces, making twelve. 

The peculiar features of my system of rifling are: the polygonal form of bore ; 
a rapid rifling turn, giving much quicker rotations and greater length of pro- 
jectile ; and reduced diameter of bore, by which I have less resistance of air. 
Above all, I consider simplicity, durability, and economy. 


Sir Wm. Armstrong was equally positive in the expression of his 
opinion : 

The safety of my principle I consider has been established by the fact that 
out of nearly 3000 guns, not one has burst explosively, and no gun has failed 
under the most trying tests, excepting by a gradual process which has given 
timely notice of the approaching destruction, and has prevented any possibility 
of a dangerous accident. 

To make large guns on the principle of solid forged tubes, either of steel or 
iron, I consider entirely out of the question, because we can never penetrate 
the interior of the mass so as to discover the existence of flaws. 

In the case of wrought-iron it is difficult, even with a block large enough to 
make the internal barrel, to avoid flaws and soft places; and that difficulty 
would be very much increased if the entire gun was made up of such a mass. 
In short, I feel perfectly satisfied that the principle of construction which is 
exemplified in my original gun is the best that has yet been brought forward, 
and I see very little prospect of its being superseded. The only question is 
whether we can obtain the proper material for a steel barrel with uniformity of 
quality. Mr. Whitworth, who is my chief opponent in this matter, admits the 
Propriety of the built-up system as applied to large guns. We are both agreed 
with respect to the expediency of using the steel tube; but he contends that 
the external parts of the guns, as well as the internal, should also be constructed 
of steel. Upon this point I entirely differ from him. I consider, that although 
steel is, as he states, very much stronger in a tensile point of view, yet that it is 
Rot So strong as wrought-iron as regards concussive strains. There is no diffi- 
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culty in making wrought-iron coils, so as to give requisite strength; and as 
they are cheaper, you can have no inducement to substitute steel cylinders for 
the coiled hoops which I have hitherto adopted. From the very first I did not 
pledge myself exclusively to breech-loading ; though it has great advantages, 
breech-loading guns would be heavier than muzzle-loaders, and this increase of 
weight becomes a formidable objection. 


To-day all authorities concur that steel, homogeneous metal, is the 
best material for ordnance; breech-loading is universally accepted, 
and Sir Joseph Whitworth may yet live to see the polygonal system 
of rifling adopted as the most economical, durable, simple, and effec. 


tive. 
“In order to obtain as soon as possible a supply of these 


guns, it was decided to supplement the resources of Woolwich 
by entering into arrangements with a company set up at Els- 
wick for the manufacture of the guns and projectiles. A 
guarantee was given to this company on the 16th of January, 
1859, to secure them against loss by the erection of buildings 
and machinery. The Government undertook to keep them in 
full work, but reserved the right to terminate the engagement 
on the payment of compensation. The necessities of the ser- 
vice requiring a larger number of these guns to be provided 
than was at first anticipated, the original guarantee was in- 
creased, first to £50,000, and then to £60,000. In October, 
1859, owing to increased pressure for guns, the guarantee was 
raised to its final amount of £85,000. 

Sir William Armstrong was, on the 22d of February, 1859, 
appointed engineer of rifled ordnance, and on the 4th of Novem- 
ber, 1859, he became also the superintendent of the Royal Gun 
Factories, which office he .held until February, 1862. This 
was the first time that office had been filled by a civilian. 

In September, 1859, the 40-pounder Armstrong gun was 
approved for the navy. Proposals were also approved for the 
construction of a 110-pounder gun (Plate II.), and one hundred 
of these guns were constructed before any experiments with 
them had been concluded.””* 

They were adopted because of the confidence in the Armstrong 
system, and the extensive pressure for rifled guns. There was no 
time for experiments. They were made under the authority of the 
Government to construct as powerful a gun as possible within the 


* Gun Foundry Board Report. 
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limits of weight and length. They were built on the principle of 
the original gun, and although Sir William was satisfied with every 
part except the vent-piece, the reports of inspection and proof indi- 
cated the marked, though not dangerous, weakness of construction 
and strengthening material. The guns were tested with charges of 
from 25 to 274 pounds of powder, the service charge being from 11 
to 14 pounds. Of four guns under trial, “ three showed a separation 
on the outside between the trunnion-ring and the coil behind it; this 
separation is at the top of the gun, not at the bottom, and the guns 
were bent. The fourth showed the separation all around, but to less 
extent. All the guns expanded in the shot chamber and part of the 
powder chamber, and the bores were elongated. The appearance of 
the guns indicated a pressure at the seat of, and behind, the shot 
greater than the strength of the material used could resist.” 

“The Government was thoroughly committed to the Arm- 
strong system, and the manufacture was carried out at Wool- 
wich by the Government, and at Elswick by a private com- 
pany. 

The large expenditures having attracted attention, a com- 
mittee was appointed in 1862 to inquire into them, and in 
April, 1863, the agreement with the Elswick Company was 
terminated by the Government, which discontinued all orders 
to it and concentrated its work at Woolwich. The guarantee 
of £85,000 was paid, the Government, however, being credited 
with the value of plant and stores, estimated at £19,000, mak- 
ing the amount in money paid £65,534 4s. 

The committee reported that during the continuance of the 
agreement with the Elswick Company the following sums had 
been paid : 

(1) The sum of £965,117 9s. 7d. for articles supplied. 

(2) After giving credit for the value of plant and stores 
received from the company, a sum of £65,534 4s., as compen- 
sation for terminating the contract. 

(3) The outstanding liabilities of the War Office to the Els- 
wick Ordnance Company, for articles ordered, amounted on 
the 7th of May, 1862, to the sum of £37,143 2s. 10d. 

The whole of these payments and liabilities amounts to the 
sum of £1,067,794 16s. 5d. 

During the same period there had been expended in the 
three manufacturing departments at Woolwich on the Arm-. 
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strong guns, ammunition and carriages, the sum of £1,471,753 
1s. 3d., making altogether a grand total of £2,539,547 17s. 8d- 

A statement prepared by one of the assistant accountants- 
general of the War Office shows the cost of certain guns and 
projectiles obtained from the Elswick Ordnance Company 
compared with the rates of those produced at the Roy~* *csenal 
at Woolwich. According to this statement, taking tiv- . ass of 
stores which have been supplied from Elswick and from Wool- 
wich and which therefore admit of a direct comparison, the 
sum of £242,173 10s. 6d., on an expenditure of £593,275 10s. 
11d., would have been saved to the public had these guns, 
projectiles, and fuzes, supplied by the Elswick Ordnance Com- 
pany, been manufactured in the Royal Arsenal. 

The evidence on this subject is acknowledged to be some- 
what conflicting. Col. Boxer, who was the superintendent of 
the Royal Laboratory at Woolwich, and the accountant-general 
of the War Office state their belief that the statement is sub- 
stantially correct, while Mr. Rendel and Captain Noble, R. A., 
partners in the Elswick Company, object to the basis on which 
the prices at the Royal Arsenal were ascertained ; but there 
seems no doubt a saving would have been effected if all the 
articles had been manufactured at the Royal Arsenal. 

The above is a statement of facts which exhibits the experi- 
ence of the English Government in its experiment of joint 
action with a private company. The plant put up by the Gov- 
ernment became the property of the private company at a 
nominal valuation, and the Government paid about £65,co00 to 
break the agreement, besides paying an increased price on 
articles manufactured for it. 

Elswick.—The subsequent history of the Elswick Ord- 
nance Company under the control of Sir William Armstrong4is 
well known. The plant for the manufacture of cannon has 
been kept employed by orders from foreign governments, and 
during late years much work has been done for the English 
Government. The enterprise and ability in its management has 
been of great assistance to the country, and at the recent re- 
adoption of the breech-loading system, the Government found 
Elswick prepared to assist in advancing the manufacture. 

Thus, though there seems to have been no profit to the 
Government in working jointly with the Elswick Company, 
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much aid has been derived from it as an independent assistant, 
and it may be said that it is the only one which supplements 
the royal factories in finishing guns.’’* 

The works now known as those of “Sir William G. Armstrong, 
Mitchell & Co. (Limited), Elswick, Newcastle-on-Tyne,” were first 
started as a small engineering establishment by Messrs. Donkin, 
Crudas, Potter & Lambert. They were joined in 1847 by Mr. Arm- 
strong, who for eleven years had been applying himself to the study 
of hydraulic machinery. He designed a machine combining the use 
of pistons with the continuous rotation of a water-wheel, which was 
described in the Mechanic's Magazine in 1838. It remained un- 
noticed ; and though he continued the development, no progress was 
made towards a practical application, until 1846, when a crane of 5 
tons was completed and erected for use upon the Newcastle quay. 
Its success was complete. 

The development of hydraulic machinery has been very rapid, and 
to-day Sir William Armstrong’s name is connected with every kind 
of water-pressure machinery, from an hydraulic riveter to the 
Spezia 160-ton crane. The hydraulic machinery manufactured at 
Elswick includes cranes, hoists, capstans, rotary and pumping 
engines ; swinging, draw and lift bridges; machinery for opening and 
closing dock-gates and sluices; bands and elevators for discharging 
and storing grain; hydraulic pumps and winding engines for mines; 
also the boilers and steam pumping engines and accumulators for 
supplying the water under pressure. 

A few years after his establishment there, Sir William devoted his 
attention to the improvement of field artillery, and in 1858 an ord- 
nance department was added to the Elswick Works. 

These works are situated on the banks of the Tyne just outside of 
Newcastle, and have a river frontage of nearly a mile, but an aver- 
age width of only 150 yards. They cover an area of 40 acres, and 
are bounded on the land side by the Newcastle and Carlisle Railway, 
alongside of which and parallel run the highroad and tramway from 
Newcastle to Scotswood. 

LEGEND. (Plate III.) 
Ft. Ft. 
1. Gun Boring and Turning Shop 90 X 8 
2. Gun Boring and Turning Shop 220 X 110 
3. Smiths’ and Boilerwork 
4. Forge and Steam Hammers 


* Gun Foundry Board Report. 








"SMYOM JONVYNGHO MOIMS13 4O NV1d 














551 


E 
E 
r 
ms 

































i=? a] 8 ak sas £ eS = aoe2 & 2g 


d 
d 
e 
at 
ig 
or 


ow wate ijnrgweae=Aiegwawm = 


582 THE ESTABLISHMENT OF STEEL GUN FACTORIES. 


. Pattern Shops 

. Chainmakers’ Shop 

. Painters’ Shop 

. Stables. 

Pattern Shop 

. Erecting Shop 
11. Gun Boring and Turning Shop 
12. Fuze Factory 
IONE TEEIIID, anddcvees cnkosense ecescsuee canceeces saveasese eenveese ecenee coceee 
i I, ccscpiek epenuneds aunsbueae <abneheus endngbsie vedere eveves 
15. Bridge and Girder Yard 
16, Engine and Boilers 
17. Gas Producers 
18. 
19. Jetty, with two Hydraulic Cranes 
20. Engine and Boilers......... Gstweress eensocess ancennces senesenes ceceesees cocees 
21. Fitting and Turning Shop......... . ....++- 
22. Boilers 
23. Brass Foundry 
SES snddanilie: ccheneoes actbbiincs asccenece phudntedn epbieehen obtnesees ered ences 
25. Engines 
26. Boilers 
27. Foundry 
28. 35-Ton Steam Hammer 125 X 10 
Ss PIED BRD ccc ccccs cocnce cocens encnce coccestes os Sesee: e6enee enoece . 206 X 200 
SENET \MUMINIRs snecatnes cecceones condeseet enncepnce enneesael Seeennens eoetescesces 140xX # 
31. Smiths’ Shop 330 X 6 
32. Coiling Shop..... 50X 70 
Ss BP EETEED GOD BRE BOOTOS,. .0cce crcces cocsee coccvcvce secs: 000 seecee socees 355 X 70 
34. Blowing and Hydraulic Pumping Engines. coceeeees 
35- Locomotive Shed 
36. Gas Producers 
37- Pit for Building up Heavy Guns (Shrinkage Pit) 
38. Jetty for 120-ton Shears and Two Hydraulic Cranes 
39- Jetty, with Five Movable Hydraulic Cranes ........... seccecsee coven 
ee EE SINT BEEING, crccneces snccscees enecesee esoseeses cevesnecs 
41. Pattern Stores 


42. 


The shops, which have been erected as needed, are very much 
crowded and badly placed, owing to their situation on a narrow side 
hill. The rail and water facilities for transportation to and from the 
works are good. Six locomotives find employment within the works 

“ The establishment at Elswick is thoroughly equipped for 
heavy work and has produced the largest guns in the world.”* 


* Gun Foundry Board Report. 
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The foundry contains ten cupola furnaces, four of which are usually 
at work. The maximum castings usually made are about 40 tons, 
but much larger ones—notably that of 137 tons for the bed of the 
steam-hammer—have been cast here. 

The coiling-machine differs from that at Woolwich, in that the 
mandrel with its turning gear is arranged to traverse laterally in front 
of the furnace, in order to avoid dragging the bar sideways over the 
furnace floor at the point of exit. The length of the furnace is 180 
feet. The shops are all well provided with hydraulic cranes and 
rope-driven travelers. In the boiler shop, Tweddel’s portable 
hydraulic riveter is in use. 

“The shops are supplied with an abundance of fine tools,”* 
placed both across and lengthwise. One of the finest is a lathe of Whit- 
worth’s for turning, boring, screw-cutting, and rifling, with a capacity 
of 44 feet length and 36-inch centres. Another very important tool 
is one made by Fairbairn, Kennedy and Naylor, but modified at 
Elswick, which takes a chuck job 20 feet in diameter and 44 feet long, 
or a job 34 feet long and 8 feet in diameter ; it has slide-rests on inde- 
pendent beds. 

“ The forge arrangements have been, up to the present time, 
all that was required for the manufacture of the guns hereto- 
fore turned out. But a change is being made in some of the 
details to better accord with the demand for steel cannon, and 
steel works are being erected capable of casting 100-ton ingots. 
Blast furnaces are also in operation.” * 

The pig products of these smelting furnaces, averaging 1000 tons 
per week, are made from Spanish and Elba ores, and are sold almost 
exclusively for steel-making. 

“ The fact that the Government has abandoned the wrought- 
iron gun impairs the usefulness of the broad tup-hammer with 
which the wrought-iron coils were welded, and this is being 
modified to be more effective for forging steel ingots and 
hoops.” * 

It was constructed by Messrs. Thwaites and Carbutt, of Bradford, 
and had a 30-ton tup with 12-feet stroke, and a steam cylinder 48 
inches in diameter. The frame was simple and massive, and was 
composed of two standards of circular section tapering in diameter 
and inclined towards the top. These standards, each made in two 
sections, were 25 feet high, and the total height of the hammer from 


* Gun Foundry Board Report. 
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floor-line to top of cylinder-cover was about 43 feet. The clearance 
between standards at floor-line was 19 feet, 10 inches. 

The modified hammer has a tup of 35 tons with a 15-feet stroke, 
It has steam above as well as below, but has never been used, as it 
was not necessary in forging iron; steam pressure, 50 lbs. No ex. 
periments have yet been made with it in forging large masses of 
steel. The foundation rests upon bed-rock ; the anvil-block weighs 
300 tons, and the anvil, 120 tons. Besides the large hammer, there 
are several smaller ones, and a number of re-heating-furnaces all con- 
structed on the Siemens regenerative principle. 

“The advantages of the Whitworth manufacture are also 
recognized and a forging press is being introduced.” * 

The shrinkage and tempering pits are alongside of each other, that 
a single crane may be economically employed. The oil well is 50 
feet ‘eep. The gun-tubes, jackets, and hoops are received from the 
steel manufacturers rough-bored and rough-turned ; some tempered 
ones are also received. They are then tested in the same way as at 
Woolwich, with the exception of the shock test, which is omitted. 
The machine employed is hydraulic and was manufactured here. 

In the fabrication of guns, the tube is turned to nearly the size 
required for the reception of the jacket and hoops. It is then 
tempered in oil and finish-turned to receive the strengthening parts, 
In tempering, the tube is sometimes bent and there is a slight change 
in the diameter of the bore. Finish-boring and grinding are, there- 
fore, usually done after tempering. 

To assemble the parts, the tube is placed vertically in a pit, muzzle 
down, and plugged to prevent the escape of the water pumped into 
the breech end to keep the tube cool. The jacket is raised to the 
required red heat, and by the hydraulic crane taken from the furnace 
and lowered into its place around the tube. Gas and water jets are 
employed to heat and cool any portions that require it. A varying 
contraction of the tube takes place, sometimes amounting to .07 of 
an inch. 

When cool, the gun is put into a lathe and the contractions carefully 
measured and tabulated for reference in grinding the bore. The 
jacket is turned down for the first layer of hoops, which are shrunk 
on in the same manner as the jacket. These are then turned down 
for the next layer, and so on until the gun is built up. When all the 
parts are in place, the gun is finish-bored and ground ; the grinding is 


* Gun Foundry Board Report. 
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done with a revolving rod, the gun being fixed. The iron head of 
this rod is covered with lead, and sand is the substance employed, 
because it is easily washed out of the bore and does not, like emery, 
enter the steel. 

The gun is then finish-turned, rifled, and the breech-screw cut. 
The rifling edges are rubbed with emery. With the present system 
(polygroove), the authorities at Elswick do not consider it necessary 
to pay marked attention to the boring, since the rifling leaves no 
lands, only edges. But as the trueness of these edges governs the 
action of the rifling, it would seem that too much attention could not 
be exercised during the operation of boring. 

The work of machining and assembling is not carefully done, and 
not unfrequently a space of ? of an inch is found between the edges 
of the hoops. 

“The use made of hydraulic power is probably greater at 
Elswick than at any other establishment in the world. This 
might naturally be expected, when it is borne in mind that the 
world is indebted to Sir William Armstrong for the advance 
made in this direction. 

The system of hydraulics at Elswick extends to all parts of 
the grounds, reaching all the shops, wharves, and water-front. 
Pumping-engines are established at convenient intervals, only 
one working at a time, and the connection of pipes being con- 
tinuous, the uniform working of the system is established by 
five or six accumulators with 18-inch rams.””* 

These accumulators are of 18 tons weight and cost about £20 
per ton. 

“The working of the pumping-engine is made automatic. 
The accumulator nearest to it is slightly more heavily loaded 
than the others to give a lead in rising to the distant one, and is 
connected with a steam-regulating valve to act as a governor 
for adjusting the speed of the engine to the varying demand of 
the hydraulic machines. The pressure sustained throughout 
the system is 750 pounds to the square inch. The pipes are 
usually 5 inches in diameter, the largest being 6 inches. 

Hydraulic power is used for the forge and foundry cranes, 
also for the movable cranes (Plate IV.) which operate along the 
water-front. For the accommodation of these last, pipes are 


*Gun Foundry Board Report. 
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run, in junction with the pressure main, with hydrants from 18 
to 36 feet apart, from which connection is made with the cranes 
by means of telescopictubes. Two or more cranes can thus be 
brought into operation on any vessel at the water-front.”’* 

They travel on a line of rails by the edge of the quay, so as to 
accommodate their positions to those of the ships ; and the telescopic 
pipe at the base of the crane affords certain latitude for adjustment. 

“On the east end of the wharf are erected large hydraulic 
shears, worked by a direct-acting hydraulic cylinder, 40-feet 
stroke, lifting 120 tons. The back leg moves so as to bring 
the lifting cylinder about 30 feet out ; the foot is moved by a 
screw 50 feet long, with hydraulic engine and gear. 

The most notable hydraulic crane that has been produced 
from these works is the one erected in the Italian naval arsenal 
at Spezia (Plate V.), which is capable of lifting 160 tons through 
a range of 40 feet. It is carried upon a ring of line rollers sup- 
ported by a pedestal of masonry, and the slewing is effected by 
an hydraulic engine applied to a pinion which gears with a cir- 
cular rack. The rake of the jib or projection from the centre of 
rotation is 65 feet, and its height from the quay-level is 105 
feet. The crane is counterbalanced on the side opposite to the 
load.” * 

As the crane has occasionally to be used for comparatively light 
loads, a chain is applied for that purpose, and is hauled up bya 
cupped drum worked by the slewing engine. The direct-acting 
cylinder employed has a stroke of from 40 to 50 feet, and is suspended 
in gimbals from the end of the jib; it is fitted with a piston and rod, 
by which the load is lifted and lowered without the intervention of 
chains and gearing. The advantages of this plan with regard to safety 
and simplicity are very great, and the ease and nicety with which the 
loads can be handled are very striking. 

“About the grounds at Elswick, particularly at the ap- 
proaches to the shops, there are numerous small capstans (Plate 
VI.) worked by hydraulic engines, which are of great service in 
hauling heavy loads into or out of shops, and in transporting 
them from shop to shop.” * 

The bed-plate carrying the capstan-head and engine is mounted 
in trunnions in a cast-iron casing, and can be turned over, Figure_2, 
when access is required to the engine. The casing is bedded in the 


*Gun Foundry Board Report. 























MU — st 


at 






























































SPEZIA CRANE. 


587 








588 THE ESTABLISHMENT OF STEEL GUN FACTORIES. 


ground, and very little foundation is needed. A spring-valve at the 
side, Figure 4, opens and shuts the water-supply. 

“Tt is almost unnecessary to add that it is at Elswick that the 
applications for working heavy guns by hydraulic power have 
been designed and manufactured.”’* 

Sir William advocates replacing all hand-power by hydraulic 
machinery, and does not believe in having additional hand-mechanism 
for emergencies ; he argues that the question depends upon the prob- 
ability of the gear getting out of order; that hand-gear is less reli- 
able because it involves so many parts and is necessarily so compli- 
cated. Many of these parts are done away with by the use of 
hydraulic machinery. 

“No foundry or gun factory can be considered efficiently 
equipped without being provided with arrangements for the 
plentiful supply of hydraulic power.” * 

One of the greatest advantages is the facility for the extension of 
power to any point where additional contrivances may be required 
for saving time and hand labor. 

‘¢ Woolwich.—The Royal Gun Factories at Woolwich are 
of very extensive proportions, and have, in the course of 
many years, become so well equipped that the present change 
which has been inaugurated in the system of manufacture of the 
English gun does not find it unprepared. Ina Parliamentary 
report of 1878-’79, a balance-sheet states the value of all the 
property and material in the three departments at Woolwich, 


as follows, viz.: 
L a 4. 


Buildings 97,684 7 11 
Machinery 166,110 It 3% 
To one year’s interest, at 3% per cent on 
invested capital, viz. : stores and semi- 
manufactured articles in stock, April 
196,949 15 3 





463,550 3 9% 


The capacity for production in the gun factory is stated in 
1873-74 to have been 6000 tons of guns of various calibers per 


year, or 7500 tons of rough forgings (wrought-iron).” * 


* Gun Foundry Board Report. 
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The transition state in which the Board found the Woolwich gun 
factories is due to the change from muzzle-loading to breech-loading, 
and the substitution of homogeneous metal for the wrought coil. 
The introduction of steel has supplanted wrought-iron bars, and the 
rolling and coiling-machines were almost idle. The factories were 
busy, owing to the additional labor involved in constructing the fit- 
tings for the new breech-loading appliances, which require ingenuity 
and nicety of construction. 

“ An approximation to the number of tools may be reached 
by citing the number of boring-machines now in place, viz.: 
2 of 72 inches swing, 4 of 51 inches swing, 4 of 42 inches swing, 
4 of 36 inches swing, 6 of 30 inches swing, 6 of 24 inches swing, 
12 of 20 inches swing, 
besides fifty or sixty others of various smaller sizes. 
Of other machines there are— 
6 planing-machines, 12 shaping-machines, 12 milling-machines, 
12 drilling-machines, 12 slotting-machines, 6 radial-machines, 
2 dividing-machines. 
Of traveling cranes there are— 
4 of 60 tons capacity, 6 of 30 tonscapacity, 6 of 25 tons capacity, 


besides several of from 20 to g tons capacity. 
The steam-hammers are comprised in the following list : 


1 of 4otons, 1 of 12tons, 1 of 1otons, 20f7tons, 2 of 6tons, 


besides many of from 3 to 1 ton. 

The steam power in the Royal Gun Factories is supplied by 
forty boilers of 40 horse-power each. The uniform capacity of 
boilers is found convenient in case of repairs, when substitutions 
have to be made. At one point there are assembled twenty- 
four boilers in one group. 

The new feature about the gun factories at Woolwich is the 
establishment of a foundry for casting steel. The development 
of this branch of the manufacture is still in its infancy, but 
already there are several Price’s Retort Furnaces in operation, 
having a total capacity of about 18 tons. The tests of the metal 
have proved to be very satisfactory, and already some tubes 
have been accepted for the manufacture of 6-inch steel guns. It 
is expected, in a very short time, that tubes for 8-inch guns will 
be produced from this foundry.” * 


* Gun Foundry Board Report. 
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DESCRIPTION OF PRICE’S FURNACE. (Plate VII.) 


Fig. 1. Plan, through the retort, combustion, and heating chambers. 

Fig. 2. Longitudinal section through center of furnace. 

Fig. 3. Cross section through combustion chamber. 

Fig. 4. Sectional plan through retort chamber at ZZ. 

Fig. 5. Elevation, part in section, of retort chamber. 

A is a combustion chamber fitted with grate bars in the usual way. B, a heat- 


ing chamber, separated from A by the ordinary bridge. C is the neck descend- 
ing into an under-ground flue D, leading into an upcast or retort chamber, as it 
has been designated, Z. In the center of this chamber Z is a fire-brick circular 
pillar /, with spaces around, marked ZZZZ (Fig. 1), and on which is placed a 
cast-iron cylindrical air-vessel G, Fig. 2, which is protected by fire-brick. 

On this air-vessel G, is built a retort 4, partly of fire-brick, partly of 
cast-iron. The tov of the cast-iron part of the retort is fitted with a hopper J, 
in the throat of which is a damper /, worked by a rocking-shaft and lever X, 
from the ground. 

The lower portion of the retort, made of fire-brick, has two necks ZZ ; one 
leading to the combustion-chamber for the passage of fuel, the other, to the 
outside of the furnace for the insertion of stoking tools, to force the fuel for- 
ward into the combustion-chamber. The entrance of the outer neck is closed 
by an air-tight door 

The retort-chamber Z extends to near the top of the retort, where it is closed 
by brickwork, but is opened at the side by the flue “4, leading to the stack 0. 

Near the bottom of the chamber Z, and in line with the center of the circu- 
lar air-vessel G, are pipes PP, inserted in the walls of the chamber Z, passing 
all around the chamber, as shown in Fig. 4. In front of the inner side of the 
circuit of pipes, and opening into the chamber Z, are a number of port-holes 
QQQ (Fig. 4) leading to the space around the pipes P?, which space affords 
scope for expansion and a free circulation of heat. These pipes PP are con- 
nected with the blast as shown at Z (Fig. 5) and pass into the central chamber 
G, as shown at F (Fig. 2); the outlet &, from the air-vessel, leads into the ash- 
pit S. 

rhe practice in working is to light a fire on the grate-bars, and generate heat 
in the usual manner, until the furnace is well heated. The retort is then filled 
with fuel, and the firing commences from the retort ; by the time the fuel at the 
top descends to the bottom of the retort, it is well heated, and a continuous 
supply of heated fuel is then kept up. All raw fuel is from this time supplied 
to the hopper J only, and is let into the retort by the damper without the access 
of air. 

The gases so generated in the combustion-chamber 4 pass over the bridge 
into the heating chamber 2, down the neck C, into the underground flue dD, 
into the retort-chamber Z, filling the spaces around, and giving up their heat to 
the circular air-chamber G, the retort H, and the air-pipes PP ; and their resi- 
due passes off by way of the flue 4 into the stack O, the stored heat being 
carried back into the furnace by the heated fuel. Combustion is supported by 


air under pressure from afan. The air entering, as shown at Z (Fig. 5) tra 
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yerses the entire circuit of pipes, passing into the central air-vessel G, out 
through # into the ash-pit S, and so up through the grate-bars. 


It will thus be seen, from the description, that to some degree the 
retort furnace embraces in principle that of the regenerative system. 
In fact, in reply to Dr. Siemens’ remarks about the process of making 
steel at Woolwich: “ The apparatus there employed consisted of two 
things, a furnace, stated to be Price’s patent retort furnace, and a pro- 
cess called the open-hearth, but which was in reality as minute a de- 
scription of the one known by his name as though it had been taken 
from his instructions,’—Colonel Maitland replied: “ In using Price’s 
retort furnace they also used the open-hearth process of Dr. Siemens, 
and he did not know that there was any idea of claiming originality.” 

Although this furnace cannot compete with the Siemens regenera- 
tive, in the matter of intensity of the temperature to which the heating 
substances are brought, Mr. Price claims that he avoids the loss 
which takes place in the gas-producers and regenerative furnace, by 
raising the temperature of the air, as well as that of the gaseous and 
fixed constituents of the coal, by the waste heat before it enters the 
chimney. 

In the manufacture of steel at Woolwich, more attention is given to 
the selection of the charge than to getting rid of the impurities, during 
the process of making, by mechanical or chemical means. There is 
very little or no sulphur in the ores employed. 

The casting-pit is almost immediately in front of and between the 
furnaces. Though convenient, such arrangement subjects the men to 
an undue temperature. 

There are three furnaces; one of 12 tons, one of 5 tons, and one 
of2tons. Can cast a 12-ton ingot, from which an 8-ton forging can 
be made. 

“ The 40-ton steam-hammer, which has been used for welding 
the large coils of wrought-iron used in the late manu: icture of 
the Woolwich gun, is undergoing a change, by having cne face 
of the tup reduced in area in order to be made more efficacious 
in forging steel ingots. Opportunity is also being taken to re- 
construct and repair a portion of the foundation and the anvil- 
block in order to suit the new conditions. In this connection it 
may be well to state the cost of this hammer, includihg that_of 
the four cranes used in connection with it, furnished by Nas- 


myth, Wilson & Co.: 
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PURGE o.ccccces cvncee eccees coocseses osseee soocecees sescceese sovcee £ 4,980 
III i cncciciccnnc eccmmnctn dpcibiions «6.000 obtensee 13,500 
Expended in department,........ ....0.csesssses severe sosseeees 10,915 
Inspector of works, charges for building foundations, 

Farmaces, Bo.....00. veces soeene cence seeues coceee coecse coseseece 9,245 
Pics. c0 satcecsee sinsen 50008 « 6% 6: thts en etonceee cvececees 3,68 3 





42,323" * 

In preparing its foundation, an excavation was made to a depth of 
20 feet. Piles were then driven 25 feet into the gravel. Ona level 
with and about the head of the piles, 4 feet of concrete was laid, 
Upon this, layers of 50-ton castings were placed to form a bed for 
the anvil-block of 100 tons. Between the layers of iron castings, a 
sandwich of oak timber, about 12 feet square and 2 feet long, was 
placed on end. 

A Maillard Testing Machine, manufactured at Le Creusot, is em- 
ployed. 

Trepanning (boring around a core) is much used at Woolwich for 
all calibers, and is considered very economical. The core is some- 
times utilized for guns of smal] caliber. 

The shrinkage and tempering pits are not together, and conse 
quently require separate cranes. The enormous crane over the 
tempering pit was constructed here, and its great power is not 
known. To prepare the tempering plant, at a distance of 7 feet from 
each other, two large cylindrical pits were dug, the bottom of each 
being laid with 3 feet of concrete. Into the larger, an iron cylinder 
was inserted and lined with fire-brick, as a furnace for heating the 
tubes. The smaller contains two iron cylinders, one within the other. 
The inner, 32 feet, 6 inches deep, and 6 feet in diameter, contains the 
oil; the outer, water. The tempering department is under the charge 
of Mr. George Ede, who has thus described the process employed: 

A block, or tube, of mild cast-steel (or steel containing a smaller proportion 
of carbon than ordinary cast-steel) is lifted by a powerful crane and placed in 
a perpendicular position in an upright furnace ; an iron coil about 6 inches ia 
depth and about one inch larger in diameter than that of the tube, is placed upon 
the fire-bars, at the bottom of the furnace, for the tube to rest upon ; beneath 
this iron coil is placed a piece of plate-iron to prevent the cold air, as it passes 
through the bars, coming in contact with the extreme end of the tube, and in 
order to obtain a uniform temperature at the extreme end of the tube this 
iron coil is filled with wood ashes. This is done while heating the furnace to 
ared heat with refuse wood previous to putting the tube into the furnace. 
After the tube is placed, its bottom end is surrounded with short blocks of 


* Gun Foundry Board Report. 























































ENGLAND. 593 
wood. When the extreme end has acquired a low red heat, the damper is 
lifted and the tube entirely surrounded with longer pieces of wood, thrown in 
from the top. It is then slowly heated toa bright red, by the combustion of 
the fuel. Wood is used in preference to coal or coke, an account of its purity ; 
it is not so likely to degrade the steel, and has a tendency to give pliability 
without diminishing hardness. When the tube arrives at a bright red heat the 
yent is closed for a few minutes to give the steel time to soak and so receive 
a uniform temperature throughout. This is necessary to keep the tube 
straight ; and it will acquire a more uniform temper. When ready, the travel- 
ing crane is brought over the furnace, the cover removed and the crane- 
tongs hooked to the tube. These are so constructed that the heavier the 
weight, the tighter they grip, but it is found necessary to turn a small collar on 
the end of the tube to prevent the tongs slipping. The tube is drawn out of 
the furnace, swung over the oil tank and lowered rapidly into it. This tank is 
of iron and contains several hundred gallons of rapeseed oil. The heated tube, 
in entering the oil, fires the surface, but this is extinguished by shutting the 
covers of the tank as soon as the tube is immersed. A water space surrounds 
the tank and cools the oil. As the water becomes heated it is drawn off at the 
top, acontinuous supply running in at the bottom. This stream of water causes 
the heat to be gradually taken from the mass, and the whole cools uniformly 
in about twelve hours. 


OPERATIONS TO BE PERFORMED AND PLANT REQUIRED FOR 
THE MANUFACTURE OF STEEL B. L. GUNS, AS 
PRACTISED AT WOOLWICH. 








Condition of Material. Operation to be Performed. | Plant or Machine Required. 


Block for tube; forging) Test pieces to be cut off. |Lathes and_ slotting-ma- 


as received from con- | chines. (1.) 
tractor. 
Test pieces. Tempering. |Small furnace and oil-bath 
| with pyrometer and bat- 
] . 
| teries. 
Test pieces. Testing (tensile). | Testing-machine. 
Test pieces. Testing (bending). Bending-machine, with 
| press or block, 
ies ; ; 
Block for tube. Rough-boring for temper-|Boring-machines(horizon- 
ing. tal). (2.) 
Block for tube. Rough-turning and tem-|Lathes. 
pering. | 
Tube. Tempering. Vertical furnace, oil-bath, 


and overhead crane. (3.) 


Forging for hoops, trun-|Similar operations to the|As above, except for bor- 
nion-pieces, breech-| above. | ing, which generally 
Screws, etc., as from would be done in lathes 
contractors. with large chuck-plates. 
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OPERATIONS TO BE PERFORMED, &c.—Continued. 


Condition of Material. Operation to be Performed. | Plant*or Machine Require 
P | . 1 . 








Tube, trunnion-piece, and|Finish-turning and boring|Machines similar to the 
hoops, tempered. ready for shrinkage. | above. 


Several details finished, Shrinking up. Furnace or open grate 
ready for shrinkage. with pit, crane, water 
supply, and gas service, 


(4-) 
The built-up piece. Finish-boring and cham-/Horizontal boring-ma- 
. | bering. chine. 
The built-up piece. |Finish-turning. |Heavy lathes. 
The built-up piece. Rifling. /Rifling-machine. 
The built-up piece. Preparation and fitting of|Planing-machine. 
the breech-action. |Shaping-machine. 


Milling-machine. 
Drilling-machine. 
Slotting-machine. (5) 


The built-up piece. Examination preparatory|Gauges, micrometers, im- 
| to proof. pression-takers, inside 
| and outside callipers, 
etc. 

The built-up piece. Proving. Proof carriage, butt, and 

| ammunition. 

Finished gun. Sighting and manufacture|Radial drilling-machines. 

of sights. |Milling-machines. 


Shaping-machines. 
Drilling-machines. 
|Slotting-machines. 
| Dividing-machines. (6.) 





REFERENCES : 

1. Sizes of machines depend upon dimensions of gun. 

2. Worm gear arrangements for boring are preferred in the Royal Gun Factory. 

3. Size of plant depends upon extreme dimensions of guns. 

4- Size of plant depends upon dimensions of gun. As a rule, the gun is not 
entirely shrunk up in one operation. It is usual to prepare the seats for the 
several layers of hoops after each cycle of shrinkage, by turning the partly 
finished gun in a lathe, so as to secure as far as possible uniformity of truth 
throughout. The number of removals of the gun from the pit to the turnery 
depends, of course, upon the design and construction adopted. 

5- In connection with these operations a large amount of hand labor is 
required to secure the necessary adjustment. 

6. A large amount of hand labor is also involved in connection with these 
operations. 


The plant at Woolwich, because of its transition state, contains very 


little worthy of imitation in planning the erection of gun factories iM 
the United States. 
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«‘ Steel Manufacturers.—While considering the sources from 
which the armament of England is supplied, the steel manu- 
facturers who provide the tubes, jackets, and hoops should be 
named. They are: 

Thomas Firth & Sons, Sheffield. 

Charles Cammell & Co., Sheffield. 

Vickers, Sons & Co., Sheffield. 

Sir Joseph Whitworth & Co., Manchester. 

* A foundry for steel casting is now being added to the plant at 
Elswick. 

Heretofore the gun-carriages for oth the army and navy 
have been provided from the gun-carriage department at Wool- 
wich on their own designs ; but since the adoption of the Vavas- 
seur gun-carriage by the Admiralty, the works at Elswick, as 
well as the London Ordnance Works of Mr. Vavasseur, have 
been called upon to supplement Woolwich in the production of 
a supply of these carriages. At the present time the Admiralty 
have on hand, or under construction, about 450 of them suited 
for all calibers of guns.”* 

These carriages (Plates VIII. to XIV.) are composed of the follow- 
ing principal parts : 


Carriage, Running in and out gear, 
Slide, Compressor, 
Training-gear, Adapting-slide for revolving purposes. 


Elevating-gear, 


The carriage may be divided into three parts; the part carrying the gun, and 
the two compressor cylinders fixed to it. The two brackets of the carriage and 
the transom joining them are of one piece, of either cast or forged steel. The 
width of the bracket is that necessary for the trunnion-bearings and for the 
proper attachment of the cap-squares. The trunnion-bearings are kept as near 
the top of the slide as possible, and the transom just clears the trunnion-hoop 
when the gun is at its maximum elevation or depression. 

The compressor cylinders are made of forged steel. The front ends fit into 
recesses provided for them in the carriage, and are secured to it by nuts let into 
recesses ; when thus fixed, they form a continuation of the brackets, and rest 
on the tops of the girders forming the slide. The rear ends have projecting 
pieces forged to them, and grooves are cut in these which fit over the girders 
of the slide. The recesses fit corresponding projections formed on the top 
edges of the girders. There are similar grooves and recesses on the carriage. 
These, with the front clamp, so arranged that a lip comes under the projecting 
part of the front racer, keep it from lifting or jumping when the gun is fired. 


* Gun Foundry Board Report. 
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PLATE VIII. 
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PLATE IX. 



































VAVASSEUR CARRIAGE, WITH SLIDE FOR HOUSING 
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PLATE XII. 
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VAVASSEUR CENTER-PIVOT CARRIAGE AND SHIELD. 
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PLATE XIV. 






































VAVASSEUR CENTER-PIVOT CARRIAGE AND SHIELD, 
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This method of attaching the compressor cylinders allows them to be removed 
readily in case of accident, and without dismounting the gun. 

The girders forming the sides of the slide are each composed of two plates. 
The bolt for connecting the pivot-link to slide passes through the front end. 
The projection along the top edge fits into the recesses, already referred to, on 
the carriage and compressor cylinders. Towards the rear end of the slide, 
between each pair of plates, rollers project slightly above the top, and as the gun 
and carriage recoil, they run on to them, so that when the gun is brought up at 
the end of recoil, the carriage is on the rollers and running out. The plates 
forming the girders are jagged over the front and rear transoms and attached 
to them by rivets passing through projecting pieces cast on to receive them. 

The front and rear transoms, or roller brackets of slide, are made of cast- 
steel, with flanges or ribs reaching down far enough to embrace both edges of 
the front and rear racers, and are machined to fit them accurately. Between 
these flanges, which are braced together, are the training rollers, kept open at 
the ends for cleaning, the openings closed by a sliding plate. This plate 
scrapes the tops of the racers, and keeps the roller path clean and free from 
obstructions. 

Midway between the front and rear rollers are clamps, clipping the racers. 
They work through openings cut in the flanges of the brackets, and are worked 
from the rear end of slide by means of a capstan-head. By these, the slfde 
can be fixed in any desired position, or sufficient friction may be given to 
prevent the slide from moving when the ship is rolling. 

The training-rack is made up of two widths cast together, and with the pitch 
divided so as to reduce as much as possible the play between the teeth of the 
pinions and rack. 

The pinions are connected with a worm-wheel (one on each side), which is 
driven by a worm fixed to a vertical shaft. The shaft is driven by a pair of 
bevel wheels placed at a convenient height for the men to work to the best 
advantage. 

The gun can be trained either from the handle or from the hand-wheel at the 
rear of slide—this is arranged for slow training, and the power is doubled by 
means of spur gearing. If the gun is to be trained only from the handle, two 
of the three pairs of wheels could be omitted. The rack-pinions and worm- 
wheel run loose on a pin carried in a bracket ; by taking out this pin they can 
easily be removed for cleaning. The rest of the gear is carried in one bracket, 
by removing which, the whole comes away. 

The elevating-gear consists of a rack rigidly secured to a ring shrunk over 
the breech of the gun—the wheel working this is carried in a lug forged on the 
top of the rear end of the left hand compressor-cylinder, and is driven by a 
worm-wheel and worm carried on the cylinder. The worm is driven by a 
grooved shaft, which slides through it, worked from the end of the slide by a 
hand-wheel. This arrangement allows the gun to be moved up to the moment 
of firing. 

The gun is run in and out when necessary by hand, by means of a screw 
carried in. bearings on the exterior of the left hand of the slide ; and by an 
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ingenious method of half-screwed nuts and bevels, the gear is made self- 
adjusting. The screw is driven from the side of the carriage by means of a 
pair of bevel wheels. 

The compressor-cylinders form part of the carriage and have been referred 
to; they are rifled, each with two helical grooves and are connected at the rear 
by a pipe. A recess or groove is turned on the circumference of the pistons, 
into which a gun-metal ring or valve is fitted, having two projections which 
enter the helical grooves of the cylinders. Across each piston and valve two 
or more passages are cut, making direct communication across the piston, 

The piston-rods of sach cylinder are attached to brackets secured one at the 
front and the other at the rear end of the slide. Means are provided by which 
the pistons can be so rotated that the passages in the pistons and valves can be 
placed in any desired position in relation to each other and that the piston 
passages can be closed at any desired point. 

The piston-rods being attached one to the front and the other to the rearend 
of the slide, it is evident that as the cylinders move during recoil, one piston- 
rod is being withdrawn from one cylinder, while the other piston-rod is being 
pushed into the other cylinder. The liquid displaced by one rod flows through 
the pipe and exactly compensates the deficiency caused by the withdrawal of 
the other. This arrangement allows both cylinders and connecting-pipe to be 
kept full of liquid, and entirely suppresses all air spaces. 

To control the movement of the gun in running out, a valve is placed in the 
connecting-pipe. It is evident that when this valve is closed, no water can 
pass from one cylinder to the other, and the carriage cannot run out, as any 
movement would tend to force the rod into a cylinder full of liquid. This valve 
is so arranged that should the cock be closed by mistake or design, no harm 
could be done, as it does not interfere with the recoil of the gun, but it must be 
opened before the gun can be run out. 


Experiments with a 6-inch carriage show that the recoil is practi- 
cally constant whatever the charge of powder. With charges vary- 
ing from 20 to 35 pounds, the difference was only 1.7 inches in the 
total recoil of 34 inches; and with charges varying from 25 to 35 
pounds, a difference of only .6 inch in a total recoil of 20 inches. 
By making the cylinders of adequate strength, the recoil of any gun 
can be controlled as desired. In the designs, three times the caliber 
of the gun is the proposed length of recoil, as with this length, the 
slide can be made so as not to project beyond the breech of the gun 
when run out. Beyond this it seems unnecessary to go in the direc- 
tion of shortening the slide. It was further shown that the maximum 
pressure in the cylinders is reached gradually, easily, and without 
shock, and that there is very little, if any, tendency of the carriage 
to jump or lift from the racers when fired. 

The arrangements for housing, pivoting, and shielding ,are very 
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simple and compact. The simplicity, perfect working power, and 
limited space are three very great elements in favor of these car- 
riages for naval use. The following table of dimensions particularly 
points out the small space occupied in comparison to other carriages: 


















































Bian OF Gati.csccccccccceccce | 6-inch, 7-inch. 8-inch. g-inch. 10-inch, 
| 
Length of slide. ........- ses» ee ir ig cis eee 
From front end of slide to} 
inside of ship. ........0+ ;}2 1 2 6 s sg | s 4 | 3 6 
From inside of ship to rear} | 
end OF Slide, 2.0.00 .cccecee 18 4 19 6 |10 9 ir «68 i211 
Height of deck to center| | 
INR 5 ccsnceses. cocces 13 5 em. 3 7%431 | a8 
From top of slide to center} | 
‘ ee ca S. 2 1 6% | I 9g | au at 
; From center of cylinder to 
: center of trunnion..,....... 9% 10% 1% | . I 3 
; Height from deck to under- 
PPPOE GENT, cccoccece coccee | I 4 t 3 . * ‘e < ss 
Height from deck to port-| 
Ttiiauninhdecsdehie areeveies |2 6 e sg 2 4 is 3 ss 
Height of port at inside of 
En |} 2 2 10 a § | = £4 3 10 
Height for elevation....... 12° 10° 10° | 10 10° 
Height for depression...... 5 5 5° | 5° 5° 
Width of port at inside of | 
ship for angle of train-| 
BED ctscccece soccce csccccees Y Fig eas Se + £ . 
Minimum width of port....) 1 10 2 0 2 2 2 5 
Length of recoil,.........| 1 6 | 9 2 0 2 3 2 6 
Width of slide. ............0.. a 3 13 7 |4 2 | 4 10 5 4 
Extreme width over gear. . 3 i. | eo 4 y a 8 2 
Radius of training-rack....., 7 0 8 3 lg 7 10 66 i 8 
Estimated stress on pivot, 
i Eladinccste cccces cabsoeses 56 T. 70 T. 80 T. 99 T. | 118 T. 
Weight of carriage and 
Side... ....4000+ seeserees vesees | 40 cwt. | 60 cwt. | 8ocwt. | 120 cwt. | 160 cwt. 
l , : : 
; The eminently successful experiments that have been made with 


the Vavasseur carriages show them to be without an equal. 





= ee 














602 THE ESTABLISHMENT OF STEEL GUN FACTORIES, 


“CONDITION OF STEEL MANUFACTURE, 


The Board visited the following works, viz. : 
Thomas Firth & Sons, Sheffield. 

Sir John Brown & Co., Sheffield. 

Charles Cammell & Co., Sheffield. 

Vickers, Sons & Co., Sheffield. 

Sir Henry Bessemer, Sheffield. 

Sir Joseph Whitworth & Co., Manchester. 
Bolckow, Vaughan & Co., Eston.’”’* 

The smelting of iron is one of the oldest industries of Sheffield. 
Foreign iron began to be used here more than 300 years ago, and as 
it came more into use for manufacturing purposes, the smelting ceased 
in the town. Messrs. John Brown & Co. were the first to re-intro- 
duce it, about 25 years ago. 

Spiegeleisen is also made in considerable quantities, chiefly from 
manganiferous ores imported from Spain, and is extensively used 
in the manufacture of crucible and Bessemer steel. It was im- 
ported from Germany until about 10 years ago, when Messrs. Brown 
& Co. commenced its manufacture. The home product is now con- 
sidered superior. The manufacture of steel also dates back to a re- 
mote period: it was then made in smelting iron with wood. The 
best iron for steel purposes is that produced from the Swedish mines. 
Russian iron has long been held in high repute, and that from Spain is 
also extensively used. 


Thomas Firth & Sons.—Crucible steel making is very carefully con- 
ducted here and the product is of a very high standard. The Swed- 
ish bar-iron of 3 inches by } inch section, is first converted in the 
cementation furnace with a coke cement, the charge being finished 
with sand and white ashes from the ash-pans. 

Lieutenant Constantine Chase, U. S. A., in his “ Metallurgy of 
Iron,” gives the following description of the cementation furnace: 


The cementation of bar iron is effected in large rectangular chests of refrac- 
tory brick, two in number, in a furnace with a flattened arch. Each of these 
chests must be heated as uniformly as possible and carried to a high, but 
inferior, temperature to that which will fuse the metal. To this end the chests 
rest upon separated transverse piers of refractory brick about 10 inches thick. 
The intervals between the piers form a series of flues underneath them. The 
two chests placed parallel in the direction of the length of the oven are about 


* Gun Foundry Board Report. 
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CEMENTATION FURNACE. 


two feet apart: the interval which separates them is divided, by means of the 
piers which support them, into flues corresponding to those which pass under- 
neath. Refractory walls rise around the two chests so as to form a rectangular 
chamber, and piers divide all the space between the walls and the chests into 
flues. A cylinc“ical arch of refractory brick covers the whole, It is furnished 
at each end with a door large enough for a man to pass in to charge the iron or 
take out the steel. These doors, during cementation, are luted with clay. 

Over the arch rest, on each side, three chimneys placed at regular intervals, 
which suck up the burnt gases at the break of the arch, and discharge them 
under a wide conical cupola of great height. The oven is heated by a grate 
which extends the whole length of the chests: it has a solid door at each end, 
which is ordinarily closed, only opened for the introduction of a fresh charge 
of fuel. 

In charging, over the bottom of the chest, a bed of cement is first spread and 
well beaten down. Upon this bed is placed a layer of bars, arranged flatwise, 
taking care they do not touch each other. Between these bars and above is 
spread another layer of cement, then a second layer of bars, and so on until the 
chest is filled, giving greater thickness to the last layer of cement. The chests 
being charged and rendered impermeable to air, the furnace is closed and the 
fire lighted. The temperature of the furnace should be uniformly maintained 
at a lively red heat during the time, which varies from seven to ten days, 
according to the degree of carbonization sought. This being reached, the fire 
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is drawn and the furnace left to cool, which generally requires several days, 
during which the carbonization continues and becomes more uniform. 


The furnaces in Sheffield vary in size from 15 to 30 tons; the 
cementation is more uniform and less expensive in the smaller 
furnaces. 

The crucibles are made of clay found in the neighborhood. This 
is trodden into a paste with the naked feet and afterwards tossed and 
kneaded by hand. The machine-moulded crucibles are not so good, 
as fragments of stone and other hard substances cannot be detected, 
These and air-cells would be fatal to the crucible, causing it to blow 
or leak. The crucibles are formed on hand-moulds and slowly dried 
on shelves. The bottoms are strengthened with, and the covers are 
made of, a composition of broken-up crucibles. 

Lieutenant Chase continues: 

The furnaces used for the fusion are natural draft, small rectangular stacks 
with grate and ash-pit, each provided with a special flue which conducts the 
gases into a high chimney common to the whole row of furnaces, the floor of 
which is at the level of the ground. Each of them is closed by a lid of refrac- 
tory brick enclosed in a frame of iron and furnished with a handle. The ash- 
pits open into a cellar where they can be watched. In each fire, and on disks 
of refractory earth are placed two or four crucibles, each containing from 36 to 
60 pounds of steel. The crucibles are arranged in the furnace, surrounded with 
coke and then the stack is filled with fresh coke. The first heat raises the 
temperature of the crucible and chimney. At the end of about 20 minutes the 
crucibles are charged, the covers luted on with care and the temperature rapidly 
raised. The fusion lasts from 34% to 5% hours. The crucible is cleared from 
slaggy masses by stirring and is lifted out of the furnace (when ready to cast) 
with a pair of curved-nosed tongs. Fusion by coke is very expensive. Fur 
naces heated by gas on the Siemens system, in which as many as 24 crucibles 
may be placed, permit of obtaining much higher temperatures and consume 
much less fuel, 


The steel is cast in iron moulds washed with fire-clay. An open 
hearth plant is also being erected. 

Before forging, all bad spots are chiselled out, on the theory that 
they will, otherwise, be forced into the block and retained in ham- 
mering. Marked attention is paid to this operation. 

The steam-hammer has a tup of 25 tons, a stroke of 13} feet, and 
a steam pressure of 60 pounds. In this forge, Siemens furnaces are 
employed for re-heating. 

In tempering, the blocks are raised to a temperature of from 1200° 
to 1500°. If the tests show too great hardness and too little elastic 
limit, annealing is resorted to at a much less heat. 
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Messrs. Firth and Sons have in their shops, among others, two of 
the finest tools in England: one, a boring machine manufactured by 
Greenwood and Batley, of Leeds; the other, a turning lathe, manu- 
factured by Hulse and Co., of Manchester. 


Vickers, Sons and Company.—The River Don Works are said to 
have been the firs. to commence in England the manufacture of 
steel castings in shapes, and has the credit of introducing cast-steel 
tires and heavy steel forgings. Cast-steel bells are a specialty and a 
very large production. 

In regard to the process of producing steel, on the authority of the 
Superintendent of the Royal Gun Factories, in addition to crucibles, 
it is produced by the Martin-Siemens process. Mr. Vickers took ex- 
ception to this statement and said Colonel Maitland had never been 
in their works, and consequently did not know how their steel 
was produced. They had adopted Siemens furnaces for their 
crucibles years ago, and had gradually used his subsequent 
patents, and, with additions to their own, had made a most complete 
process. If he were asked to give a name to it, he should call it 
either the Siemens-Vickers or the Vickers-Siemens process. He con- 
sidered he had been able to produce by his furnace such steel as had 
never been made before in a Siemens furnace, Mr. Vickers consid- 
ers open-hearth superior to crucible steel because less subject to the 
fluctuations of manipulation. 

The steam-hammer has a tup of 15 tons, a stroke of 10 feet, and 
a steam pressure of 60 pounds. Unusual power, for so light a tup, 
is claimed in the peculiar steam connections, altered and fitted at the 
Works. An hydraulic forging-press is under construction. 

Hoops or frettes 22 inches wide and having an exterior diameter of 
62? inches, are rolled upon a tire-rolling machine; the tests have 
shown the method to be an excellent one. 

Tempering and annealing are practiced, and the shops contain fine 
tools for machining and assembling the largest engine shafts required. 


Sir John Brown and Company.—The Atlas Works are among the 
largest in Sheffield and manufacture iron and steel of every variety and 
shape. The fabrication of compound armor is a very extensive in- 
dustry, and the rolls by which the plates are formed are of immense 
Proportions. There are two 12-ton open-hearth furnaces and two 


15-ton Bessemer converters. The steam-hammer has a tup of 20 
tons, 
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The plant for the manufacture of steel-faced armor is very complete, 
and is the result of a careful and intelligent development, involving 
many patents. The tools include presses for bending, lathes for 
shaping, and a planer of 170 tons, made by Thomas Shanks and 
Company, of Glasgow. 

To show the progress and to remove wrong impressions of the 
methods employed in the production of this armor, some of the 
principal patents are cited. 

In 1869, John D. Ellis was granted a patent covering the following 
claimed invention : 


The width of rolled armor-plates has hitherto been greatly restricted by the 
difficulty of suitably heating a wide pile, and of perfectly expelling therefrom 
in the rolling, the cinder or slag, which, while such pile is being heated, accu- 
mulates in the space between the separate moulds constituting it. I overcame 
these difficulties, and roll armor-plates of great width from comparatively nar- 
row iles, by rolling the pile first to the full breadth and then tothe full length 

‘rec, or first partly to the breadth, then partly to the length, and so on 
alternately, until the desired dimensions are obtained, in lieu of rolling in one 
direction as hitherto practised. 


In 1877, another patent was granted, covering the following: 


My invention has for its object, the hardening of the surface of armor 
plates, and consists in making the plates either entirely of the best soft iron, 
such as is now used in the manufacture of armor-plates, or of the same iron with 
a portion of amore steely quality on either one or both surfaces, and afterwards 
cementing or converting the surface or surfaces by introducing the plate into 
a converting-furnace, and treating it with charcoal or other material ordinarily 
used in the converting process. This conversion of the surfaces may be 
effected either before the plate is rolled to the required size or after it is 
finished. 


In 1878, he obtained another, as follows : 


My invention of ‘‘ Improvements in the Manufacture of Armor-Plates” has 
for its object an increased facility in the manufacture of armor-plates composed 
of iron and steel, combined or united; and, also, in the subsequent planing and 
finishing of the edges of such plates. My invention (Plate XV.) consists in 
making a plate A, of the usual wrought-iron, and afterwards fixing thereon, 
round the edges of the same, a wrought-iron frame B, of such width as may be 
required to enclose the steel to be added to the wrought-iron plate. 

The height or depth, and also the length and breadth, of the frame B will be 
varied as required to suit the dimensions of the finished plate of combined irom 
and steel. 

This frame is or may be fixed together in its parts before heating in the fur- 
nace by dovetailing, as shown in the figures, or the parts may be otherwise 
fixed together. 
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Long bars CC, and transverse bars DD, may be fitted into the frame B by 
dovetailing, as shown in figure 3 (or they may be otherwise fitted), so as to divide 
the enclosure within the frame, and form additional cells EE, for the reception 
of molten steel, in order that the steel in the finished plate may be intersected 
by the said bars of wrought-iron. 

In figure 3, the bars CC and DD are so arranged as to form four cells for the 
steel to be poured into, but this number may be varied. 

In figure 4, the bars CC and DD are shown of the same height or depth as the 
frame B; and in figure 5, they are shown of less height or depth than the frame, 

In figure 3, also, the cells EE are shown as rectangular, but they may be other- 
wise formed so long as the bars or partitions CC and DD are arranged in such 
a manner as to divide into suitable cells the surface of the plate enclosed within 
the frame B, and thereby correspondingly divide the steel portions of the com- 
pound plate. This plate with its frame thereon is then to be placed in an ordinary 
plate-heating furnace and heated to a welding heat, and a suitable quantity of 
molten steel, made by the Bessemer or other process, poured on the surface of 
the plate, thereby filling the enclosure within the wrought-iron frame with steel 
of the depth or thickness required. With reference to the mode of manufac- 
turing the entire armor-plate, the iron portion thereof is made by the ordinary 
method of manufacturing wrought-iron armor-plates, and the bars forming the 
walls both of the frame and the cells are composed of a similar quality of iron, 
After the iron plate, with the frame or framing and bars, has been heated in 
the furnace (which only differs in size from the ordinary reverberating iron- 
heating furnace) the steel may be poured on while the plate is in the furnace; 
but it is preferred to take the iron plate with its frame, or frame and bars, from 
the furnace, and then pour the steel on to it. The combined iron and steel 
plate is then allowed to cool and solidify, after which it is re-heated in an 
ordinary furnace and reduced to the thickness required either by forging, press- 
ing, or rolling, or by all or any of these processes in combination. 

In finishing the compound plate, the outside frame or framing may be either 
removed entirely or so as to leave a portion of it on the edges of the said plate. 

In some cases also it may be found desirable to insert longitudinally or trans- 
versely, or both, bars of wrought-iron, in order that the same may intersect the 
steel, for the purpose of reducing the lengths of the cracks in the steel when 
penetrated by shot. 

By manufacturing in the manner above described armor-plates of iron and 
steel in combination, the result is the production of a plate in which the steel 
is capable of presenting the greatest resistance to the penetration of shot, and 
the iron has the least liability to fracture or cracking, the combination of the 
two in the compound plate affording the best means of protection either for 
ships or other purposes. The advantage of the wrought-iron frame (when that 
is left on the plate) consists also in the facility which it affords in planing and 
slotting the edges. 


In 1879, Mr. Ellis toughened and strengthened his rolls by cement 


tation, and claimed that by so doing he obtained a roll with a suf 
face much harder than could be produced in any other way. 
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In 1880, another patent was granted : 


My said invention relates to improvements in the manufacture of armor-plates 
composed of iron and steel united or combined, by means of which improve- 
ments armor-plates of this description are obtained sounder and more reliable 
than heretofore, and otherwise of a superior quality to plates produced by 
other methods. 

Figure 1 (Plate XVI.) represents a vertical section of a wrought-iron plate, 
with a wrought-iron or steel frame and steel-face plate attached to it in readi- 
ness for the reception of molten steel to be introduced into the space formed 
between the two plates and the frame; figure 2 is a plan corresponding to 
figure 1, and figure 3 is a perspective view also illustrating the same arrange- 
ments. 

A is a plate made of the usual quality of armor-plate iron. 

B is a frame made of wrought-iron or steel fixed on the iron plate on two 
sides aa, and one end 6, The height or depth and also the length and breadth 
of the frame B will be varied as required to suit the dimensions of the finished 
plate of combined iron and steel. 

C is a steel plate made from an ingot either by the Bessemer, Siemens, or 
any other system (of a suitable quality to resist shot), and worked either by 
hammering or rolling, or both; it is fitted on the frame B by bolts passing 
through the frame B, and screwed or otherwise fastened on to the wrought-iron 
plate A, thickness or distance-pieces of steel, e¢, figures 1, 2, being placed be- 
tween the iron plate A and the steel plate C to keep them apart when in the 
fire. 

With reference to the mode of manufacturing the entire armor-plate, the iron 
portion thereof is made by the ordinary method of manufacturing wrought-iron 
armor-plates, and the bars forming the walls of the frame are made either of a 
similar quality of iron or of steel. The steel used for the plate C by preference 
contains about 0.8 of carbon and the same quantity of manganese. After theiron 
plate, with the frame and worked steel plate, has been heated in the furnace to 
say, 2000 degrees Fahrenheit, the same is drawn from the furnace and placed 
on its end, with the end 4' having no frame on upwards, and a sufficient quan- 
tity of molten steel of suitable quality to resist shot, as before mentioned, is 
then poured into the space ¢ between the iron plate A and the steel plate C. The 
combined iron and steel plate is then allowed to cool and solidify, after which 
it is re-heated in a furnace and reduced to the thickness required either by forg- 
ing, pressing, or rolling, or by any of these processes. 

If it is desired to run the molten steel into the space ¢ from the bottom, the 
end portion 4 of the frame is dispensed with, the two sides aa only being used. 

By manufacturing, in the manner prescribed, armor-plates of iron and steel 
in combination, the result is the production of a plate in which the steel is 
capable of presenting the greatest resistance to the penetration of shot, and the 
iron has the least liability to fracture or cracking, and the worked steel-face 
plate, while presenting an extraordinary resistance to the shot, enables the plate 
to be bent when hot to any required angle without showing any cracks; and, 
since the face of it is formed of steel previously worked, a better qualityis 
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ensured, and a sounder and more reliable plate is obtained than can be pro- 
duced by existing methods. 


In 1882, a further patent was granted : 


My said invention relates to the manufacture of armor-plates of iron and stee] 
united or combined according to the improved method or means for which] 
obtained letters patent in 1880. My present invention has for its object to cause 
a part of the iron or steel frame (which is placed on the wrought-iron plate and 
which supports the outer steel plate) to be situated between and at the edge of 
the steel which is cast between the said plates, this part forming a part of the 
finished plate and giving thereto great soundness at the edges of the said cast 
steel. According to my said invention the frame is formed with a web or webs 
or a portion or portions which when the frame is in position projects or project 
into the space between the iron and steel plate into which space the steel is to 
be cast. The said web or webs or projecting portion or portions is or are pre- 
ferably of a wedge shape in section, the lesser part being presented inwards. 
The molten steel cast between the two plates runs into the spaces between 
the said web or webs or projecting portion or portions and the plates on either 
side so that the outward part or edges of the finished plate is or are formed 
partly by this web or portion or webs or portions. The frame made according 
to my invention may be of wrought-iron or steel, but is preferably of worked 
steel, and may be used for the sides of the plate only, or for the sides and the end, 

Figure 1 (Plate X VII.) is a transverse section of the wrought-iron plate A and 
worked steel plate C with the frame forming the space ¢ between them for the 
reception of the molten steel. 

Figure 2 is a plan of the same, and figure 3 is a transverse section of the frame 
drawn to a larger scale. Each member (that is, each side piece and the end 
piece) of the said frame has projecting from its inner side a wedge-shaped or 
tapering web LD, projecting into the space which is to be occupied by the molten 
steel. Between the said web D, and each of the plates A and C, are spaces 
dd, into which the said molten steel will run. I do not limit myself to the form 
of web shown, as it may be of any convenient shape ; for example, one side only 
may be inclined or wedge-shaped and the other be at right angles to the plate, 
or both sides may be parallel with each other, or it may be thickened at the end 
or edge. Also there may be two or more webs of smaller size if desired in 
place of one large web as shown. The plates and frame are subjected to heat 
and the molten steel passed into the space between, and the combined plate 
afterwards treated and rolled after the manner described in the specification of 
my aforesaid patent. The plate may be cut as shown by the line x so that 
the projecting part or parts or web or webs D of the frame will form a part of 
the edges of the finished plate. 


The method at present employed is to prepare the plates for com- 
pounding as in Plates XVI. and XVII. 


They are then carried to the heating-furnace A (Plate XVIIL.), figure 1, where, 
after covering all exposed steel surfaces with ganister, they are brought to the 
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proper heat. The mass is then withdrawn from the furnace by huge pincers 
attached to a chain passed around the rolls, and landed upon the iron truck B, at 
the mouth of the furnace. The truck is run under the traveling crane, whose nip- 
pers are hooked to the plate. These nippers are very ingenious and constructed 
with an eccentric to shift, in lifting, the plate from a horizontal to a vertical] 
position. The crane then carries the plate to and lowers it into the sunken 
iron pit, figure 2, where the hydraulic ram C pushes the movable iron plate D 
against the mass, lowered into the space E, and holds it in place, against the 
side F (composed of three iron plates), to receive the molten steel. 

The space between the iron and steel plates is then filled with Bessemer or 
open-hearth steel, as desired, run from the ladle into a trough, lined with re- 
fractory material, and pierced with several holes to distribute the flow. The 
whole mass is then covered with sand and heavily weighted. After cooling, 
the plate is reheated, rolled to the desired thickness, bent, cut, planed, and 
tapped as required for the finished plate. 

In rolling, water is thrown, at intervals, upon the mass to remove the impuri- 
ties on the surface ; and whenever there is an appearance of a blister, or raised 
lump, itis removed by placing asharp punch upon it, at the end of a large shaft, 
and striking into the blister to let the air out. 


The largest plates weigh about 50 tons, and cost from £85 to 
£90 per ton. 


Charles Cammell and Company.—The Cyclops Steel and Iron 
Works, in addition to its immense steel and iron products, is another 
great compound-armor manufactory. While the quality of the plate 
seems to be about the same as that manufactured under the Ellis 
patents, a different method of building up the armor is employed. 
The works cover some 53 acres, and are well supplied with tools and 
implements. The steam-hammer has a tup of 30 tons, a stroke of 
74 feet, with a steam pressure of 60 pounds. 

The following are some of the principal patents under which the 
Cammell-Wilson compound-armor-plates are fabricated : 

In 1877: 

The object of this invention is so to treat armor-plates made of wrought or 
cast-steel in any well known or approved manner that the character of the metal 
to a given depth of the plate will be changed, the hardness and brittleness of 
the steel being replaced by toughness and malleability, whereby the plate will 
present a combination of resisting forces the best calculated to insure its im- 
penetrability to shot and shell. Supposing, for example, it be desired to give 
the plate a soft or toughened back, and to retain the natural hardness of the 
steel at the face of the plate, the hard face serving to prevent penetration, and 
the soft back the starring or breaking away of the hard face, I proceed in the 
following manner: I take a plate of steel, say twenty inches thick and of any 
desired length and breadth, which may have been either cast or wrought, and 
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containing any desired proportion of carbon, and I proceed to decarbonize the 
plate to a depth of about eight inches more or less, leaving the remaining twelve 
inches unchanged. Having provided a cast-iron box, I cover the bottom of the 
same with a layer of charcoal, and on this charcoal I place the steel plate, 
which has previously been coated with black lead or graphite on its under side 
and up its edges to a height of twelve inches, or the depth at which I intend to 
retain the plate unchanged. I then fill the space between the edges of the plate 
and the inside of the box with ganister to the height of twelve inches, and to 
the upper part of the plate, both on its face and at its edges, I apply oxide of 
iron or other decarbonizing agent. I then place a cover on the box, and having 
luted it, I run the same into an annealing oven, suitably constructed to receive 
about four or more of such boxes. When the oven is charged and the entrance 
to the oven is built up with fire-bricks, | heat the oven by means of coal fires, 
and maintain the temperature for a sufficient length of time until the decarbon- 
ization of the upper eight inchesis effected. The oven is then allowed to cool 
down gradually, and the boxes with their plates are withdrawn. 

By this treatment it will be found that the protected portion of the plate, or 
that part which was covered by graphite, will retain its hardness, while the por- 
tion exposed to the oxide of iron will have acquired the toughness desired. 

It will be readily understood that both faces of the plate can, if desired, be 
decarbonized, and that to any given depth, while the central portion of the plate 
retains its hard character. 

Again in 1877 : 

This invention has for its object improvements in the manufacture of armor- 
plates. For this purpose I take an ingot of steel of the nature of mild steel, that 
is, containing only a small proportion of carbon, and after hammering it or press- 
ing it down under a hydraulic press, or rolling it to the required thickness, I re- 
heat the plate or not, and plunge it in its heated state into water or other fluid. 

A (Plate XIX.) is a thick, massive armor-plate forged from an ingot of mild 
steel, as above described, and re-heated. After being re-heated, it is run on toa 
truck B, and conveyed by the truck on to the table E, which at this time is sup- 
ported by the stop bolts G. At the ends of the table are rollers working against 
vertical guides F, at the sides of atank H. D is a hydraulic ram descending 
from the center of the table E, and entering the hydraulic cylinder C. Water, or 
it might be other fluid, is now admitted constantly tothe tank by the inlet H', and 
escapes by the outlet H?. When the truck carrying the armor-plate has been 
brought on tothe table E, the bolts G are withdrawn, and the table lowered by 
the hydraulic lift so as to immerse the armor-plate in the fluid, and the plate is 
left immersed in the fluid until cold. 

In place of employing a hydraulic lift to lower the heated armor-plates into 
the tank, an overhead crane with chains, or other suitable raising and lowering 
apparatus, may be used for the purpose. By thus immersing in water or other 
fluid, thick, massive heated plates, which have been forged or shaped from 
ingots of mild steel, the metal is rendered extremely tough and tenacious, and 
the plates are far more capable of offering resistance to projectiles than plates 
allowed to cool slowly by exposure to the air, as has heretofore been done. 
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Again in 1877: 


My present improvements have for their object the production of ‘ hard-faced 
armor-plates” with greater facility and economy than by a former patent of 
1876. 

For this purpose I put edgewise, in any suitable furnace, two wrought-iron or 
soft steel “backing plates”’ any required distance from each other. I then 
place betweer: such plates a ““T core” made of ganister or other refractory 
material, the upper portion of which forms a covering to the space between the 
plates and the other portion, a division wall dividing the space between the 
plates into twospaces or moulds ; I then pass heated gases through these spaces 
or moulds, until the exposed surfaces of the plates are heated to such a state as 
to insure a perfect union with the molten metal, which I afterwards run into 
the spaces or moulds, as already described in my previous specification above 
mentioned. When the molten metal has set, I withdraw the plates from the fur- 
nace, and, if required, I put them into a re-heating furnace previous to their 
being hammered or rolled down to any required thickness. 

Figure 1 (Plate XX.) is a longitudinal section; figure 2 is a sectional plan; 
and figure 3 is a transverse section, showing my improved arrangements 
for the manufacture of armor plates in connection with a Siemens regenerative 
gas furnace. 

The lines AA, BB, and CC mark the planes in which these sections are 
taken respectively. WW are two backing-plates set up face to face within 
the furnace, and T is the core which serves to divide the space between them 
into two separate cavities for the reception of molten steel. 

In figure 1, the lower part of this core is omitted, but the upper part which 
serves to close the mould at the top is indicated. 

In figure 2, the upper part of the figure represents the position whilst the back- 
ing plates are being heated, the flame resulting from the combustion of the gas 
and air rising on one side of the furnace, traversing the spaces in the mould on 
either side of the core, and descending by the passages on the other side of the 
furnace to the regenerators. By this means the faces of the plates WW are 
thoroughly heated, and so also is the core T, between them. This having 
been done, the stopping slabs, D', D"', are inserted into the grooves G!, G", in 
the refractory lining of the furnace, as is represented in the lower part of the 
figure, and the space between them is filled with sand. All being ready, the 
steel is run into the cavities SS, from the ladle L, and so two compound-armor- 
plates are simultaneously produced. 

The crown of the furnace is made in sections, so that it can be readily 
removed. 

Figure 4 shows an arrangement differing from that already described, in that 
the body of the furnace is built upon a bogie or truck K. This bogie or truck may 
be taken away from the other parts of the furnace when the heating is complete 
to receive the molten steel, and may be replaced by another furnace body in 
which two backing plates are already set up ready for heating. Thus, much 
time in the working of the furnace is saved. 


It will be readily seen that by this means I shall be able to manufacture plates 
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with greater facility and with a considerably less quantity of fuel, and con- 
sequently produce them cheaper than when they require to be re-heated, as 
described before in my other methods. 


In 1878: 


Heretofore, great difficulty has been experienced in producing reliable armor- 
plates entirely of steel, or of steel welded or run in a liquid state on to iron. 

According to this invention I manufacture armor-plates by uniting a face of 
steel with an iron backing by soldering the two together by tin, zinc, spelter, 
bronze or such like. 

The steel face of the plate may either be formed of a single thick plate of 
steel or preferably of a number of hexagonal, or it might be other shaped pieces, 
placed side by side and fitting one against the other; by this means any fracture 
which may be caused in any one or other of these portions of the steel facing 
will be localized, and will not extend to any of the other portions of the steel 
face. 


In 1882: 


My present improvements have for their object to improve the means em- 
ployed for carrying out a preceding process and are as follows, viz. : 

As before, I take the wrought-iron backing-plate immediately it has been 
rolled down to the desired thickness ; but instead of putting it into a complete 
mould I make the plate itself form one side. 

Figure 1, page 620, is a plan, and figure 2 a side elevation showing two 
cast-iron bolsters A, connected together at a distance apart from one another 
by tie bolts B, both bolsters resting on and being secured to a bed-plate C. 
One bolster, A, carries a hydraulic cylinder D, the ram D! of which has se- 
cured in front of it a cast-iron plate E, The other has held in front of it the 
mould-plate F, from which, ribs, F', project forwards at its bottom and two 
sides. The bolster against which the mould-plate F is held also carries 
at its center a hydraulic cylinder G, the front end of the ram of which bears 
against a loose portion of the mould-plate F, marked F*. H is the wrought- 
iron backing-plate which is to be faced with steel. As it comes from the 
rolling mill it is suspended from a crane by tongs and lowered in front of 
the mould-plate F—the plate E is then pressed forward against it by the ram 
D, and it is thereby held firmly against the edges of the ribs which project from 
the mould-plate. The figure shows the plate H as being thus forced against 
the ribs F', of the mould-plate F. When thus held, steel is poured into the 
cavity between it and the mould-plate. After the steel is set, both of the rams 
of the two hydraulic cylinders are simultaneously moved in a direction to carry 
the compound plate away from the mould-plate F ; the plate can then be taken 
hold of by tongs in the ordinary manner and lifted away by a crane to convey 
ittoa re-heating furnace, and when re-heated it is subsequently rolled down to 
the dimensions required. 

In place of the hydraulic cylinders D and G, strong screws might be used to 
effect the same objects, but I prefer to use hydraulic cylinders. 
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MANUFACTURE OF COMPOUND-ARMOR--WILSON’S PATENT. 


The method now employed is to heat the wrought-iron plate (pre- 
pared in the usual manner by rolling several thin ones into one of the 
intended thickness) to the required temperature, when it is hauled 
out of the furnace, run upon rollers, and slid horizontally into the iron 
mould A B, figure 1, page 621 (lined with fire-proof material). 


Iron strips E E are then inserted, and covered at the ends with moulding 
sand, to keep the plate Din place. The mould is then lifted by a crane toa 
vertical position, figure 2, and landed into a pit. The mouth of the mouldis 
covered with a trough lined with refractory material and pierced with several 
holes to distribute the flow of open-hearth or Bessemer steel, as desired, 
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MANUFACTURE OF COMPOUND-ARMOR--WILSON’S PATENT. 


which is run from a ladle brought from the furnaces by rail. The mould is 
then covered with sand and weighted. 
After solidifying, the plate is finished in the usual manner, 


Great confusion still exists in regard to the names of the compound 
armors. This has arisen from the fact that the managing directors, 
John Devonshire Ellis, of the firm of John Brown & Co., and George 
Wilson, of the firm of Charles Cammell & Co., are the patentees. 
Hence, the armor is sometimes named from the manufacturers, and as 
often called after the patentees. 

The Brown plates are made under the Ellis patents, and the Cam- 
mell plates, under the Wilson patents. 

Since the commencement of the manufacture of compound-armor, 
the superintendents of these two companies have received patents 
covering every detail from the character of the mould to the direc- 
tion of rolling the plate, until, as will be seen from the above descrip- 
tions, at the present time neither firm employs the methods described 
in Very’s “ Development of Armor for Naval Use,”* nor do they re- 
strict themselves to the use of steel manufactured by the particular 
processes there set forth. 

I also take this opporiunity to correct a statement made by Lieut. 
Very, in his valuable work, that, “In England the financial support 


* Vol. IX., No.3. Whole No. 25. 
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given by the Admiralty and the War Office to the firms of Cammel] 
and Brown had enabled them to rapidly pass the first period of 
semi-failure and to turn cut heavy compound plates as rapidly and 
with as great a certainty of regularity in resisting power as had been 
possible a few years before with iron plates.” 

At Mr. Wilson’s request, I repeat his statement that, “ instead of re- 
ceiving ‘ financial support from the Admiralty and the War Office,’ we 
had expended £30,000 in experimenting before a return of any kind 
was received from the Government.” 

The following report (I.) of the official tests at Spezia in Septem- 
ber, 1883, for the reception of the Italia’s armor-plates, ordered in 
Shefheld some time before, and the experiments (II.) at Shoebury- 
ness in the same month, with the view of testing the amount of pro- 
tection afforded to granite forts by armor-plates, will point out the 
present estimate of compound-armor in Italy and in England : 


(I.) Spezia, September, 1883. Onthe 17th instant two steel-faced armor 
plates were tested at Spezia, which represented the armor for the Italia in 
course of completion at the two Sheffield works, and upon which the acceptance 
or the rejection by the Italian government depended. 

After the experiments last autumn with steel and steel-faced plates with the 
100-ton gun, it was decided by the Italian government that the conditions for 
the reception of the armor for the Italia should be as follows : 

That the plates selected at each works, out of those made for this ship, 
should stand each one blow in the center from a Gregorini chilled cast-iron 
shell from the 1o00-ton, 45-cm. muzzle-loading gun at such a velocity as would 
completely pierce a solid wrought-iron armor-plate 25 per cent thicker; that 
the steel-faced plate thus tested should not be pierced, nor any portion of the 
plate fall from the backing. The plate to be under the same conditions of 
backing-frame, etc., as those tried last autumn, except that the number and 
disposition of the bolts were left to the manufacturers of the plates. 

This test we believe had been proposed to the French makers of steel plates 
and declined by them. (See page 709.) 

The plates tested on the 17th instant had been cut to about 8 feet x 8 feet, 
and measured respectively ; Brown’s, 45 cm. (cm. —=.394 inch), Cammell’s, 4 
cm., thick. They were each held to the wood-backing by 16 bolts. Backing 
and frame were of the same dimensions as in the experiments last autumn. 
Distance of 100-ton M. L. gun from face of plate, 30 metres. 

Cammell’s plate was tested first ; charge, 217 kilos. (kilo. equals 2.2 Ibs.) of 
progressive Fossano powder, Gregorini chilled cast-iron shell, g12 kilos. 
Velocity at point of impact, 474 metres per second, Total energy, 10,440 
dinamodes (dinamode = métre-tonne = 3.229 foot-tons), equal to 73-89 
dinamodes per cm. of circumference of projectile. Plate struck fairly 
in center. Point of projectile stuck in face of plate; remainder broken 
up and scattered. Estimated penetration, about 220 mm. Plate cracked, 
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PLATE XXI. 
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EXPERIMENTS ON PLATED FORTS AT SHOEBURYNESS 
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but no portion detached from target. Front of plate around impact dished to 
the extent of about 35 cm. diameter, and to a depth of about 75 mm. near center 
of the cracks. Three are supposed to be through cracks, This can be deter- 
mined only by subsequent removal of plate from target. 


For Brown’s plate, being 45 cm. thick, the charge of powder was proportion- 
ately reduced to 196 kilos. Velocity at point of impact, 449 metres, Total 
energy, 9396 dinam les, equal to 65.52 dinamodes per cm. of circumference of 
projectile. Estimated penetration, about 17.5 cm. Plate not struck in center, 
but 25 cm. too high and 15 cm, to the right ; consequently, upper right corner 
received an undue amount of the blow. Only three radiating cracks of any 
importance, two of which in right upper corner, probably through. Lower 
part of plate is almost intact and no portion detached from backing. 

Both plates have thus satisfied the conditions of the contract, and the plates 
made for the Italia are consequently accepted. 

The small amount of penetration as compared with the steel plates is again 
conspicuous, and the opinion of the makers as to the reason for the plates fall- 
ing from the targets in November, namely, an insufficient number of bolts, is 


fully confirmed. 


(II.) On Tuesday, August 22d, 1883, an experiment of great interest, espe- 
cially to England, took place at Shoeburyness. It was carried out by the Royal 
Engineers with a view to testing the amount of protection afforded to granite 
forts by iron plates. The nature of the work tested is shown in Plate XXI. 

Figure 1 shows the front, which is divided in four portions, the thickness of 
each being shown roughly in figures 2 and 3; that is, the plan and end eleva- 
tion of the work. No. 1 consists of 40 feet thickness of granite and concrete ; 
Nos, 2 and 3, of 20 feet of granite and concrete, backed by about 20 feet of 
earth, but strengthened in front by iron shields, seen in figures 1, 2, and 3, 
hereafter to be described ; and No, 4consists of 50 feet of granite and concrete, 
A small passage, of sufficient size to enable a man to creep through it, is pierced 
through the work parallel to the face and 20 feet from it, opposite portions 2 
and 3, which would enable the effect of the fire to be better seen; so it was 
supposed, and so it proved. The shields fixed on the face of portions 2 and 3 
were as follows: that on No. 3, against which the first shot was to be fired, 
consisted of two plates of 8 inches thickness each, of wrought-iron, sandwiched 
with 5 inches of wood behind each, made up of two thicknesses, that is, 2%- 
inch planks laid horizontally, next behind each plate, and 2%-inch planks 
behind them piaced vertically. ‘The dimensions of each plate were as follows : 
length 12 feet, height 7 feet, and thickness 8 inches. They were supplied by 
Messrs. Cammell. They were held in their place by six bolts, on the Palliser 
English system. 

The shield on portion 2 consisted of 12 inches of Wilson’s compound or other 
steel-faced iron, in a plate 7 feet by 7 feet, fixed inside an iron frame, as shown 
in figures 1 and 2. On the top of the work was laid a quantity of old broken 
plating, to keep the masonry and concrete from rising under the force of the 
blow. We can hardly think that structures of granite and concrete would at- 
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tain their full strength for many months, perhaps years to come, and must allow 
for this in this trial, which it will be seen is a very severe one. 

The gun employed was the 80-ton gun, M. L., which was mounted at 209 
yards distance. One round was fired from it on Tuesday at portion 3—iron 
sandwich on granite. A projectile weighing 1700 lbs. was fired with a charge 
of 450 Ibs, of pebble powder, with a velocity of about 1588 feet. This implies 
a total amount of stored-up work of about 29,730 foot-tons, or 594.4 foot-tons 
per inch circumference, representing a power of perforating about 25 inches of 
iron. The shot was a service Palliser, chilled-iron projectile, of about 3 feet 
8% inches long, fired without bursting charge, the radius of the head being 
about 1% inch diameter. The shot struck a point 3 feet from the bottom of 
the plate, and 3 feet 8 inches from the left end looking at it. The effects were 
as follows: The shot cut a clean hole, passing through both plates, and break- 
ing up during penetration, turned rather to the left, the point reaching a depth 
of nearly 10 feet, measuring from the front face of the iron. The plates 
behaved admirably, the hole being cut almost without any apparent effect inthe 
surrounding portion of the plate. The wood was driven outwards, 5 inches of 
the ends of the horizontal plates being thrust out beyond the plate at the left 
end, and 3 inches ontheright. The granite was pulverized all round the pro- 
jectile for some distance. Cracks were visible in the granite in front, as shown 
in figure 4. They will be observed to radiate from the point of impact, speaking 
generally. The stones of the course through which the shot passed were like 
the layers of wood, forced longitudinally, left and right, projecting 3 inches be- 
yond the other at each end of the squares of masonry. One or two cracks also 
were visible in the brickwork lining of the small cross passage behind the part 
struck. The bolts do not appear to have suffered, and the general structure 
shows little effect beyond what is here mentioned. 

The second round was fired on September 11th at Portion 2, the steel-faced 
plate, &c. The projectile was a Palliser shot weighing over 1700 lbs., the strik- 
ing velocity being something under 1600 feet. 

The effect is seen in figures 1, 2, and 3 (Plate X XII.), which show the plate, and 
figure 4, which shows the masonry behind it. It will be seen that the plate stood 
wonderfully well. The shot broke up, its head being fixed in the plate, figures 
2 and 3. The plate was bent and bulged, the bulge and shot being pressed un- 
usually flat against the masonry supporting the plate. There were great annular 
rents immediately round the shot, where much violent v ork must have been 
done ; the radial cracks were nearly all fine hair cracks ; the depth of the most 
important may be seen in figure 3. The bolts stood well, holding the plate up. 
They were subsequently broken to enable the back of the plate and masonry 
to be examined. Figure 4 shows the granite with the indentation and cracking 
made by the blow. This, it may be seen, is very slight. The deepest impression 
is that made by the shot point at A. The spring of the plate has opened the 
joints at the upper bolts B B, and if the side view, figure 3, be examined, it will 
be seen that a tremendous strain must have fallen on these bolts, though we do 
not understand that they gave way. Crack C was produced by the first round 
fired at Portion 3, figure 1, Plate XXI. 
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Figure 7 (Plate XXIL.) represents the shot of the first round, its fragments 
being assembled. The cracks in the masonry, as before, nearly all radiate 
from the point of impact. 

Taking this round as nearly the same as No. 1, we may say that about 30,000 
foot-tons work have been delivered on this shield, and that a compound 12-inch 
plate has, under the conditions before us, borne the blow of a shot capable of 
perforating about 25 inches of iron. The plate is an admirable one. 

Round 3 was at Portion 1, the granite and concrete. The projectile, fired 
with approximately the same energy as in the previous rounds, entered the 
masonry about the spot marked A in figure 5, dislodging and breaking the 
stones in the immediate vicinity, and penetrated through the 5 feet of granite 
and 13 feet of concrete, keeping a fairly direct line until it came against the 
second granite layer; here its point, after destroying a little of the granite 
face, turned sharp off to the right, broke, and it soon came to rest, the shot 
having thus first gone directly to a depth of 18 feet, and then laterally about 7 
feet. Figure 5 shows the upper granite stones removed. The concrete may 
be seen to be lifted, cracked, and in a “demoralized” condition generally, 
Figure 8 shows the shot fragments assembled. The fourth round, which nearly 
resembled those already fired as to its velocity, was discharged on September 
20th. It entered Portion 4, concrete only. Figure 6 shows the present condi- 
tion of the target. The shot has attained a depth of considerably over 24 feet, 
perhaps over 30 feet, but at the time we obtained our information it had not 
been found. It is not entirely through the 40 feet or even nearly so, or there 
would be more signs of its presence at the back. 

We expected the shot and plate to suffer more, and the masonry to be less 
penetrated in the case of the steel-face plate, than in the case of the iron; 


but we confess we did not expect to see the plate stop the shot altogether, as it 


has done in this instance. How is this to be accounted for? The natural sug- 
gestions are inferiority in shot, special excellence in plate, or special support 
given to this nature of plate by hard backing. There does not appear to be 
any reason to call the shot bad. The plate is certainly excellent, but we think 
that the last-named cause told most—that is to say, that very hard backing 
specially brings out the powers of steel-faced plates. This supports the opinion 
of the Italian Committee, who considered that the yielding backing at Spezia told 
much more against the compound plates than the steel. Any one who looks at 
the indication of concentric hair cracks which are apt to be formed in compound 
plates, almost like the circles round a stone in water, will perhaps concur in 
thinking that the value of hard backing to this class of armor is peculiarly 
great. 

Unquestionably, the shield is a wonderfully good combination, and very far 
better than the sandwiched iron one, which has not the hard steel face, and 
whose soft layers gave the shot the opportunity of getting its head in, and 
attacking the granite fairly well. 

With regard to these two masonry targets, it is difficult to speak exactly; as 
we before remarked, we think that the concrete has not a fair chance, owing to 
its having been made so short a time. Apparently the granite bears something 
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the same sort of relation to the concrete as the steel-faced plate bears to the 
iron one: that is to say, it stops the shot more abruptly. The arrangement of 
alternate layers may be good for the shot in Portion 1, which, turned off from 
the second layer of granite, would probably have experienced more difficulty in 
doing so, had its base been surrounded by granite instead of concrete, As jt 
was, as soon as its points had felt the second face of stone, the shot turned off 
at something beyond a right angle, moving harmlessly for a short distance and 
breaking up, as an officer expressed it, by its attitude almost protesting, “Not 
another layer of granite.” If instead of shot, charged shell had been used, 
the effect on concrete might have been disastrous, but concrete might be faced 
with a comparatively thin steel plate which would explode the shell, and so 
save the backing.—London Engineer. 


“ Until within a very few years, the steel for gun metal has 
been confined in England to that produced from crucibles, and 
it is only since the general application of the Siemens-Martin 
process that open-hearth steel has come into competition 
with it.””* 

Of this process, Lieutenant Chase gives the following: 

The Siemens furnace is one heated by the combustion of gas, effected in 
the furnace itself. All kinds of gaseous fuel may be burned. ‘That which es- 
pecially distinguishes the Siemens from an ordinary gas furnace, is, that there 
is stored in the spacious apparatus called regenerators the greater part of the 
heat possessed by the gases on coming out of the oven, and that all the heat 
so stored is utilized for raising the temperature of the furnace. The regenera- 
tors, generally four, are usually arranged below the sole of the hearth, and are 
chambers of refractory brick placed in horizontal layers, having intervals be- 
tween them to present a larger surface of contact for the gases and air. Twoof 
these regenerators communicate with the right, and the other two with the left 
end of the furnace. 

The mixture of combustible gases and atmospheric air necessary, arrives in the 
furnace F, figure 1 (Plate XXIIL.), after having traversed the two regenerators A 
of same couple. The combustion takes place in the furnace, and the products 
of this combustion reach the chimney D, after traversing the other two regenera- 
tors A. The bricks of the regenerators store up the greater part of the heat 
possessed by the gases on leaving the furnace. By the aid of valves, E, the 
gases and air are sent into the regenerators of the last couple, which are now 
heated, and the products of combustion go into the chimney by the other two 
regenerators. The gases and air, by rising slowly through the chambers of 
the right couple, are heated according to the temperature of the bricks, and 
reach the hearth at a temperature near to that of the furnace itself, so that their 
combustion develops a very intense heat, and the temperature of the furnace 
increases in consequence, The temperature is raised at each reversal of the 
valves E, effected at regular intervals (or, if the gas-producers do not work 


* Gun Foundry Board Report. 
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regularly, at periods indicated by the working of the oven). The volume of the 
gases is regulated by a register, C. As for the air, its volume is regulated 
either by the damper B or the chimney-damper D, modifying the draft of the 
{urnace. 

The gas-producer, figure 2, transforms the fuel into gas. This apparatus 
usually consists of a chamber A of refractory brick. Three of the walls are 
vertical, and composed of two layers of brick, between which is a bed of sand 
to prevent loss of heat. The fourth wall consists ef an inclined plane, that 
which fuel will naturally take, the upper part of which is formed of iron plates 





covered with refractory brick, while the lower part is an open grate B, with flat 
horizontal steps. The bottom of the producer is a little inclined to form a basin 
to hold water, brought in by the pipe C. The roof has two orifices, D, furnished 
with hoppers and valves, regulating the feed of fuel. A square chamber per- 
mits the gas to pass into the pipe E, which conducts it to the furnace. 

The furnace for the Martin-Siemens process (figures 3, 4, Plate XXIV.) 
is a reverberatory, with a single door A in the middle of one of the long walls; 
facing it on the opposite side and at the lowest point of the sole, is the 
tapping-hole B. The gases from the Siemens apparatus, and the atmospheric 
airto burn them, arrive and escape by the two ends CC, EE. The interior 
section of the furnace, D, is a rectangle narrowed at both ends. The sole 
is of refractory sand. In order that it may resist the high temperature of the 
furnace, it is given little thickness. A strong plate of iron, cooled from below 
by a current of air, supports the sand. 

The furnace, heated to a white heat by the hui gas from the regenerators, 
receives a certain quantity of cast-iron, charged hot, to be refined. When this 
is liquefied and the bath very hot, the soft iron is added, previously heated to a 
bright red. These additions are made every half-hour, and are followed by a 
brisk stirring. When the tests indicate that the metal is sufficiently refined, 
cast-iron, heated red, is added. After the fusion of the metal which has been 
added, and a suitable stirring, tests regulate the proportion of cast-iron to be 
added. Additions are made and tests performed, until the product has reached 
the degree of carbonization wanted. Then the tapping is proceeded with. 
The duration of the operation is usually seven to eight hours. 


“ The uniform results that are now attainable with this pro- 
cess show that the period for the exclusive use of crucible steel 
for cannon has passed. Some of the steel manufacturers have 
advanced very far in the use of the open hearth, and all are 
making arrangements for embarking in this system of manu- 
facture. This process is much cheaper than that by the cruci- 
ble, and, its success being established, that reason alone would 
be sufficient to cause the change in the system; but there are 
other reasons now operating in England which make the 
change of manufacture necessary in order that her steel works 
shall retain their position in commerce and be enabled to an- 
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As long as the demand for steel was confined to orders 
which required small ingots, the product of the crucibles was 
sufficient, and the force of laborers required was not excessive; 
but since the introduction of steel into the process of forming 
armor-plates, and the corresponding increase in the size of 
parts requisite for the guns to pierce the new armor, the organi- 
zation of a force to cast, from crucibles, masses to answer these 
demands has become a difficult matter. The changes that 
were commenced a few years ago in some, and which are now 
being introduced in all the works at Sheffield, are necessary to 
prevent the purchase from other sources of the masses of steel 
now required by the Government. 

The new departure in the system of gun construction, de- 
scribed farther on in this report, will demand from the Sheffeld 
steel manufacturers increased effort. Up to the present time 
the only portion in the construction of the Woolwich gun that 
required steel was the tube; the breech-pieces and hoops, 
being made of coiled wrought-iron, were fabricated at Wool- 
wich. The new construction requires that steel shall be used 
throughout, and the castings for the jackets for guns now in 
hand at Woolwich can hardly be supplied from Sheffield. Itis 
well known that the tubes for the 100-ton guns (Plate XXV.), 
manufactured at Elswick, by Sir William Armstrong, which 
required an ingot of 42 tons, had to be made in two pieces 
because the capacity of Sheffield was not sufficient to make 
the casting in one.” * 


WEIGHT OF PARTS. (PLATE XXV.) 





A ceccecses 0.049 tons. FF ..ccccece 3-678 tons. R .cccoceee 1.536 tons. 
_ 1.046 “ | ee 7.764 “ DP nseonsece 8.827 “ 
Ep deeeenses 9.512 “ Ra eccosaven 7.924 * OF cecccecee 5.029 “ 
eer 8.319 “ Pi winscotes ag CO Wissdaens 1.242 * 
Tiictedasce 8.761 * __ SERRE 4335 “ Se ae 4.184 “ 
a a Vessrdcese e373 * 

Gacccecece 13.205 “ © esenseces 3.285 * Total, 101.828 “ 


As shown in the Plate, the steel tube is provided with a large num- 
ber of shoulders, the hoops are narrow, and more numerous than in 
smaller calibers, and the breech is strengthened with three layers of 
hoops. While sufficient tangential strength was undoubtedly provided, 
the rupture of the Duilio’s gun plainly indicated that the construc 


* Gun Foundry Board Report. 
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tion was weak, and that the longitudinal strength was wholly inade. 
quate. This was partly met in the new constructions by fabricating 
the tube in one piece. 

“It is fair to suppose that the use of the coz/ed-steel breech. 
pieces, now used at Woolwich to build up the 43-ton gun, was 
induced by the difficulty of procuring masses of steel of suff. 
cient magnitude to make proper jackets for them. If this be 
not the case in regard tothe 43-ton guns, the embarrassment 
is very likely to arise with the 62-ton steel gun now in con- 
templation. But whether any serious embarrassment has yet 
arisen or not, owing to the limited capacity of Sheffield for 
casting gun-metal, it is evident that whatever margin the manu- 
facturers now have, it is very slight, and it behooves them to 
increase their plant for casting. 

The question of forging steel ingots is one which is evidently 
occupying the attention of the steel manufacturers in Sheffield, 
but on which they are reticent. The important works are all 
supplied with steam-hammers of greater or less weight varying 
from 15 to 25 tons, and each manufacturer claims that his 
works are thoroughly equipped in this respect for accomplish- 
ing the necessary work on an ingot of any size; but it was 
observed that in one important establishment preparations 
were being made for the introduction of a large press to take 
the place of, or to supplement the work of, the hammer. The 
success of Sir Joseph Whitworth’s process of forging by 
hydraulic compression, and the enviable character acquired by 
the products of his works in Manchester, have induced the 
Sheffield manufacturers to take into consideration the probable 
advantages of the process. As to the advantage or practica- 
bility of the compression of steel in the liquid state they are 
entirely skeptical, but the efficacy of forging under hydraulic 
compression is conceded, though it is clain:ed that this must 
be done under a heat much higher than that required for forg- 
ing under a hammer, which is considered an objection to the 

process.” * 

Experiments on a very small scale have been made with liquid- 
compressed steel in the United States, at Pittsburgh, Pa., and New- 
burgh, N. Y., but the production has been so limited that it can be 
looked upon only as an experiment. 


* Gun Foundry Board Report. 
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“ Owing to the character of seclusion that Sir Joseph Whit- 
worth has preserved to his works, the manufacturers of steel 
at Sheffield have no personal knowledge of the process adopted 
at Manchester. Their knowledge is limited to meagre reports, 
but the Board was allowed the privilege of carrying on its in- 
vestigations within the works, where, under orders from Sir 
Joseph, his representatives exhibited, with explanations, the 
operations carried on in this unique establishment. It may be 
distinctly asserted that the experiences enjoyed by the Board 
during its visit amounted to a revelation. 

Whitworth’s Works.—Upon its first arrival in London, 
the Board was invited by Sir Joseph Whitworth to examine 
his works, but with the desire expressed that the visit should 
be postponed until the close of our foreign investigations. 
This request was, of course, readily acceded to, and it will be 
thus seen that previous to the visit to Manchester the members 
of the Board had received all the impressions that could be 
produced by viewing the operations at the chief steel factories 
in France and Russia, and the great factories of Sheffield, in 
England.” * 

These works of Sir Joseph Whitworth & Co., Manchester, are 
under one immense roof, and contain, without exception, the finest plant 
in the world for the manufacture of gun steel. This superb establish- 
ment is the result of many years of careful study, built up at an im- 
mense expenditure, and may well be imitated as a perfect type. The 
excellent arrangement of its tools and appliances, and the economic 
management are displayed in the very high character of the products. 
The distinguishing characteristics of the Whitworth fluid-compressed 
steel are homogeneity, strength, and ductility. It is made of various 
tempers to suit all purposes, particularly where it is exposed to sud- 
den and violent strains. It is the most suitable for torpedo-cases, and 
isused by Mr. Hotchkiss and the French Government for all revolv- 
ing cannon and rapid-firing guns. No other metal possesses the 
same endurance. In the consideration of the proper metal to be re- 
commended for the army 12-inch rifles in 1882, the Ordnance Board 
concurred “with Captain Smith in recommending that the tube for 
the first should be of Whitworth’s fluid-compressed steel, and this 
should be taken as the standard for our manufacturers to work up to 
in future constructions of this character.”’ 


* Gun Foundry Board Report. 
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In regard to his ordnance, Sir Joseph Whitworth for more thana 
quarter of a century has held that “ steed and steel alone should be 
used in the construction of guns,” and in regard to gun construction 
generally he has thus expressed his views : 


It may be mentioned that when rifled guns were first adopted in the service 
they were breech-loaders: but their construction, and the comparatively weak 
wrought-iron of which they were made, only allowed in the 7-inch bore gun, 
4 tons weight, a charge of 14 pounds of powder, and the shot was two diameters 
long, weighing 110 pounds. Such being the state of things at that time, I made 
a 7-inch bore muzzle-loading gun, 7 tons weight, charge of powder, 22 pounds, 
and a shot three diameters long, weighing 150 pounds. 

This gun was consequently far more powerful than the service breech-loading 
gun of the same bore, and the War Department had other muzzle-loading guns 
made of the same proportions as regards weight and bore. 

When fluid-compressed steel proved so completely master of gunpowder, the 
writer at once saw that more powder might be fired from a breech-loader with 
a large powder-chamber than could be consumed in a muzzle-loading gun. 

Guns of enormous size are now being made at Woolwich at an enormous 
expenditure. These guns must needs be powerful on account of their great 
weight and size; but the writer maintains that this enormous size is unneces- 
sary. But if monster guns were wanted, they could be made at far less cost by 
means of the Siemens-Martin process and fluid compression. Supposing a hoop 
was wanted, say, 20 tons weight, the time required for its production by this 
process would not, commencing with the raw material, he believes, be more 
than one-tenth the time required by the forging, coiling, and welding processes. 
Again, as regards quality of material, good iron was given up being used at 
Woolwich some time ago, as it was found that weak, poor iron was easier to 
weld and work than good iron. 

It is just the contrary with the Siemens-Martin or the Bessemer processes, 
everything being in favor of using good material ; and the writer, wishing to 
convince the Admiralty and War Department of the superiority of his steel 
guns, particularly of the breech-loader, offered to lend them a 7-inch breech 
loading gun, firing 33 pounds of powder, and also a 35-ton muzzle-loading gut, 
which fires an armor-piercing projectile five diameters long, 1250 pounds weight 
with a bursting charge of 58 pounds. Both these offers were declined, much t0 
the surprise of the Brazilian authorities, from whom permission had been 
obtained to lend these two guns. 

The day of trial may be postponed by the making of enormous guns which 
astonish and mislead the public, but it would be far better for an immediate 
trial to be made with the best guns of moderate size that can be produced. 
With strong, ductile, sound steel, the breech-loading gun, with its large powder 
chamber, whatever be the size, must be superior to the muzzle-loader. 

To prevent being misunderstood with reference to the weight of guas a 
relation to their bore, it may be stated that the writer has, for ship guns par 
ticularly, advocated greater weight for a given size of bore. 





PLATE XXVI. 
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The first 12-inch-bore guns made at Woolwich were 23 tons weight, afterwards 
increased to 25 tons, 

In 1869 the writer submitted to the Admiralty a design for a 12-inch bore gun 
of fluid-compressed steel, and he specified that the weight of the gun must be 
35 tons, for he had always considered that (except for a mountain gun) there 
should be 105 pounds weight of gun for every pound of shot of 3 diameters 
long. 

It was, however, determined by a committee at the War Office that the gun 
should be made at Woolwich ; and the writer’s weight for the size of bore was 
taken, and has been adopted ever since. 

With weak materials, weak powder, long guns, and short projectiles must be 
used, 

Strong, ductile, sound material allows of strong, quick-burning powder, short 
guns, long projectiles, and rapid rotation, 

In regard to the general features of my plan of construction, the breech-closing 
arrangement of the gun consists of a breech-block sliding horizontally in grooves 
inclined at an angle to the rear face of the gun, the block being moved by means 
of a tappet handle which revolves a pinion-gearing into a rack on the gun; the 
block is held in its place, when closed, by a catch. 

Figure 1 (Plate XX VL.) isa horizontal section of gun ; figure 2 is a view of the 
breech end with the breech closed, and figure 3 is a similar view with the 
breech open; aa is the tube; 4 the breech-hoop or jacket; 4'5' are the guides 
for the breech-block; ¢ is the breech-block with a straight line screw inter- 
locking with the corresponding internal straight line screw on the block 
guides 6', The sides of the threads are inclined inwards, so that the recoil of 
the breech-block has no tendency to separate the guides ; ¢' is a stud projecting 
from the back of the block, and d, a pinion upon it, gearing with the rack ¢ on 
the block guide 4'; fis a weighted lever-handle on the same stud, and held 
thereon by the nut ¢. The interlocking projections on the pinion d, and lever 
handle /, are marked d@* and /*; ¢* is a pawl on the breech-block, which, by 
taking into a notch @' in the pinion, prevents it from running off the rack ¢ except 
when the paw! is intentionally lifted; a* is the gas-check; ¢* is the cartridge 
guide formed on the breech-block; 4 is the shot guide ; / is part of the link 
by which the gun is elevated. 

The rifling is polygonal, being a hexagon with rounded corners. The powder 
chamber is enlarged in diameter in order to burn an increased charge. There 
is also a slightly enlarged shot-chamber, to insure ease in loading. 

All escape of gas is prevented by an elastic steel ring in the rear of the gun, 
and a disk in the face of the breech-block, which are pressed tightly together 
when the block is clused. This ring and disk are movable and can be readily 
replaced. 

Owing to the simple form of the rifling, the projectiles for all the Whitworth 
guns are moulded by self-acting machinery, and fired as they are cast without 
being planed. By this means there is a saving in first cost, and, as there is 20 
soft metal required to give rotation, the projectiles, when recovered after prac 
tice, can be fired several times. 
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The Whitworth system of breech-loading has been very severely tested with 
most satisfactory results. 

The ease with which the breech-arrangement worked throughout the experi- 
ments was very remarkable. 

The Brazilian Government have adopted the Whitworth ordnance, in conse- 
quence of the satisfactory results they had with it during the Paraguayan 
war. Many of the guns fired from 4000 to 5000 rounds without being damaged. 


“In speaking of the Whitworth establishment at Manches- 
ter as unique, and of the process of manufacture at that place 
as a revelation, reference is specially made to the operation of 
forging. As to the assorting of ores, and the treatment of 
metal in the furnaces, there is no intention to draw distinctions ; 
but as to the treatment of the metal after casting there can be 
no doubt of the superiority of the system adopted by Sir 
Joseph Whitworth over that of all other manufacturers in the 
world. The process here adopted has been kept singularly 
exempt from scrutiny. Even in the offices of the chiefs of 
artillery there can be found no information, within the knowl- 
edge of the Board, which is at all satisfactory upon the sub- 
ject. Whatever knowledge there is seems to come from hear- 
say—none from personal observation—and it is only from 
personal observation that the merits of the system can be 
fully appreciated.”* 

As early as 1863, Sir Joseph, then Mr., Whitworth was granted 
patents for the peculiar treatment of steel, and in 1865 he secured the 
fight to “ submit the liquid metal, as quickly as possible after it is 
poured into the mould, to a heavy pressure, even to the extent of tons 
on the square inch, by means of an hydraulic or other press; and in 
order to apply such heavy pressure, to construct the moulds of steel, 
in parts fixed the one to the other by screw-bolts and nuts, so as to 
be able to resist the great pressure applied to the fluid steel.” 

From that time until the present he has made improvements until 
his casting and forging plants are models of perfection. 


“ The system of forging consists in compressing the liquid 
metal in the mould immediately after casting, and in substitu- 
ting a hydraulic press for the hammer in the subsequent forg- 
ing of the metal. 

The flask is made of steel and is built up of sections united 
by broad flanges bolted together in such numbers as to ac- 


* Gun Foundry Board Report, 
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commodate the length of the ingot to be cast. All moulds are 
cylindrical in form. The interior of the flask is lined with 
square rods of wrought-iron, longitudinally arranged, which 
form, when in place, a complete cylindrical interior surface, 
Where the square edges of these rods meet, they are cut away, 
both on the inside and on the outside, and at intervals of two 
inches, small holes are drilled through between the rods, form. 
ing a channel-way from the interior to the exterior for the 
passage of gas and flame. The interior is then lined with 
moulding composition. The flange at the bottom of the flask, 
as well as that at the top, is perforated with small holes, which 
act as a continuation to the perforations between the segments 
of the lining for the escape of gas.”* 


Figure 1 (Plate XXVII.) is a front elevation, figure 2, a side elevation, of 
the press. 

D are four hollow pillars secured to the base C, of the press, by the nuts z, 
The pillars have screw threads d@' cut upon them along a portion of their length, 
On the top of the pillars is fixed the cast-iron head B, which carries the lifting 
cylinders E, in which works the ram F, and to its upper end is fitted the cross- 
head G, to which are attached two suspension rods H, coupled at their extremi- 
ties with the massive movable head A. The moving head can be secured 
rapidly in any position by the nuts K. 

P are spur-wheels for the locking-mechanism, into which the rack R gears. 
The handles Q are connected with this mechanism for locking and unlocking 
the head A. Tothe under side of the movable head A is bolted the plungeré, 
which enters the top of the mould, and is brought into contact with the surface 
of the fluid metal before the head is locked, and the pressure is applied by the 
large ram L within the cylinder R'. 

The base of the press consists of a massive foundation C, upon which is 
placed the large cylinder R' and ram L, for giving the pressure required, while 
above the cylinder is the table J, placed upon wheels. When the rami 
lowered, and the pressure off, the table J can be run forward for the reception 
of the mould. When filled with fluid metal, the mould is drawn backwards by 
a horizontal hydraulic cylinder and ram, into its position beneath the movable 
head A. 

The apparatus U is employed to record the movement of the pressing ram) 
and indicates the reduction in length while the casting undergoes pressure 
The slide U, attached to one of the pillars, carries a lug, which is kept in Com 
tact with a projecting stop W fixed upon the table J, so that as the table rise 
with the ram L, the slide U is also carried up, and the amoynt of its movement 
is registered upon the dial V by the pointer Y. The split stops 4, secured@ 
the pillars by bolts and clips, are to support the head A when the press is a 
in use, thus relieving the lifting cylinders E. 


* Gun Foundry Board Report. 
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“ The casting is made directly into the mould from the top. 
On the completion of the casting, the mould is moved (by 
means of a railway at the bottom of the casting-pit, which is a 
deep trench running parallel to the position of the furnaces) to 
a position under the movable head of the press, which is 
allowed to descend until the tup is in contact with the metal in 
the mould, and in this position it is locked ; a shower of metal 
is induced, which ceases almost as soon as commenced, by the 
complete closing of the mould. The first impress felt by the 
metal is due to the weight of the head of the press alone. 
This pressure is gradually increased from below by hydraulic 
action, applied by four rams upon the table on which the flask 
rests, until the pressure exerted amounts to 6 tons per square 
inch, The interval from the commencement of the pressure 
until the maximum is reached varies with the size of the ingot, 
heing for a 45-ton ingot as much as 35 minutes. During this 
time the flow of gas and flame from the apertures in the flanges 
of the flask, at top and at bottom, is continuous and violent, 
exhibiting the practical effect of the compression. This pres- 
sure is applied by the direct action of steam and pumping 
engines, and is indicated by a dial. At the end of this time 
the pump is taken off, and a uniform pressure of about 1500 
pounds per square inch is established by attaching an accumu- 
lator to the press, and allowed to remain until the metal is 
sufficiently cooled to insure no farther contraction in the 
mould. 

The contraction in length in the mould during the action 
of the pump, while the maximum pressure is being reached 
and sustained, amounts to one-eighth of the length of the 
ingot. After this effect has been produced, there is no farther 
advantage derived from the pressure in the way of eliminating 
impurities, but the contraction, in cooling, still goes on, and 
the pressure by the accumulator is considered necessary in 
order to follow up the metal as it contracts, for the purpose of 
preventing cracks being inaugurated at the end and on the ex- 
terior of the ingot by the adhesion of particles of the metal to 
the sides of the mould. 

When cooled and re-heated, the ingot is brought under the 
influence of the forging press. This press is hydraulic, with a 
moving head having the main hydraulic cylinder fixed in it, 
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and it is provided with an arrangement of mechanism fo 
raising and lowering the moving head of the press and for 
locking the same in any desired position. The press has four 
hollow pillars screwed part of their length, which are attached 
to the base of the press by nuts. On the top of the pillaryis 
fixed a cast-iron head or table supporting two hydraulic lifting. 
cylinders, the rams of which are fitted with cross-heads carry. 
ing four suspension bars. These bars pass through the moving 
head, and are connected at the lower ends by cross-bay, 
which are fastened to the pressing ram. The moving head 
works between the base and the top or fixed head of the press, 
and is raised or lowered by the admission or exit of water from 
the under side of the rams of the lifting cylinders. The moving 
head can be firmly and rapidly locked at any height from the 
base which may suit the work to be operated upon. The 
moving head, as already mentioned, carries a forging or com- 
pressing cylinder, which forces a ram down upon the work, 
By attaching the compressing cylinder to, and making it pat 
of, the moving head, a short stroke can be employed when 
forging objects which may vary in size from a few inches to 
several feet in diameter. 

This in general terms explains the working of the ram, The 
effect produced by it requires to be seen in order to be thor 
oughly appreciated, and is altogether different from that pro 
duced by the hammer. The heated ingot resists the blowd 
the hammer, but the insinuating, persevering effort of the 
press cannot be denied. The longer time (several seconds) 
during which the effort lasts is a great element in its successfil 
effect. As pressure succeeds pressure, the stability of the 
particles is thoroughly disturbed and a veritable flow of metal 
induced, which arranges itself in such shape as the pressure 
indicates ; the particles are forced into closer contact and the 
whole mass writhes under the constraint which it is impotent 
to resist.”’* 





Figure 1 (Plate XXVIII.) is a front elevation with the dial plate /and indexg 
for indicating the movement of the ram at each stroke. Figure 2 is a side ele 
vation, Figure 1 (Plate XXIX.) is a partial front elevation with swage block D’ 
and mandrel 4”, Figure 2 is an end elevation, with a section of the hydraulie 








* Gun Foundry Board Report. 
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apparatus for withdrawing the mandrels from the forging. Figure 3 is a trans- 
yerse section of this apparatus. 

AAAA (Plate XXVIII.) are the four hollow pillars, screwed part of their 
length and secured to the foundation B! by the nuts @._ B is the cast-iron head 
that supports the lifting-cylinders. The rams O are fitted with cross-heads D, 
from which are suspended the lifting-bars E. These bars pass through the 
moving head F, and are connected at their lower extremities to cross-bars G, 
which are fastened to the forging-ram. By these arrangements, the head F and 
forging apparatus can be lowered and rapidly secured in any position as the 
dimensions of the work decrease, and great economy is thus admitted in the 
expenditure of water, time, and power. 

The moving head F is locked by means of the locking-nuts J, the quick- 
pitch screws S, passing through the nuts T, and the spur-wheels U. The nuts 
T are rotated by the rack W, actuated by the hydraulic cylinder X. The pitch- 
screws S are locked by a small movement of the levers Y, which actuate screws 
whereby the collars w are firmly gripped. 

The moving head carries a forging-cylinder K, in which the ram works. The 
lifting-cylfhders, when the press is at work, are kept in constant commu- 
nication with an accumulator or other source of constant pressure, so that when 
the pressure is taken off the upper surface of the ram, the pressure acting 
upon the under side, rapidly raises the forging-ram. 

To indicate the amount of compression effected at each stroke, the dial- 
plate fis fixed on the face of the movable head F. The pointer g is attached 
to a pinion which is actuated by the rack 4 attached to the cross-bar G. 

Split stops, secured around the pillars A by bolts and nuts, are for support- 
ing the movable head F when the press is not in use, to relieve the lifting- 
cylinders of their load. They are made in halves for convenience in taking 
off. 

To rotate the work under operation uniformly and through an equal space at 
each stroke of the forging-ram, an hydraulic cylinder is fixed vertically to the 
head B. Its ram is connected by links with a lever. The latter carries a pawl 
which works in a ratchet-wheel attached to the mandrel 4” (Plate XXIX.) As 
the ram is raised, the pawl engages the ratchet-wheel and the mandrel is rotated 
through a portion of a revolution between each stroke of the forging-ram. 

To enlarge a cylindrical hoop, such, for instance, as would be required fora 
cylinder lining, a hollow cylindrical mandrel of steel, 4”, is employed, the ends 
resting upon suitable supports. The hoop is gradually enlarged upon the 
mandrel at each stroke of the forging-ram, which carries the swage block D', 
The cylindrical form of the forging is controlled by the workmen in accordance 
with the indications on the dial /, and the correct adjustment of the ram which 
rotates the mandrel 4”. When a long cylinder is to be forged and drawn out, 
an apparatus, figures 2, 3, is necessary to move the short, hollow mandrel 4” 
as the work proceeds, and to withdraw it entirely when the hoop is to be 
re-heated. 

The apparatus consists of a movable cylinder, /, open at one end and sup- 
Ported by the screw m from the carriage m. By the gearing f and the screw m, 
the cylinder can be raised or lowered to suit the different diameters of the 
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mandrels employed. The rod rv is screwed into the end of the mandre] ", 
after which the cylinder is brought up by the carriage on the rails x; the other 
end of the rod 7 is passed through the nose of the cylinder and through the 
piston g, the nut ¢” being then screwed up to make the joint tight. By the ad. 
mission of water into the space @”, the piston is forced out and the mandrel 
withdrawn. The nose of the cylinder / is made hemispherical, and is fitted 
into a loose cap wv’, which abuts on the end of the forging, and thus accom. 
modates itself to any irregularity of the forging and insures that the strain of 
withdrawal will be applied in a direct line. 


“ The Board witnessed the operations of casting followed by 
that of liquid compression, the enlarging of hoops, the draw. 
ing out of cylinders, and the forging of a solid ingot. The 
unanimous opinion of the members is that the system of Sir 
Joseph Whitworth surpasses all other methods of forging, and 
that it gives better promise than any other of securing that 
uniformity so indispensable in good gun metal. . 

The latest exhibition of the wonderful character of the 
Whitworth steel has attracted great attention, and may be 
stated as indicating the present culmination of his success, 
From a Whitworth 9-inch gun, lately constructed for the Bra- 
zilian Government, there was fired a steel shell, which, after 
perforating an armor-plate of 18 inches of wrought-iron, still 
retained considerable energy. The weight of the shell was 
403 pounds, the charge of powder, 197 pounds, and the velocity, 
about 2000 feet, The shell is but slightly distorted. The 
tests of the metal of which it was made show a tensile strength 
of 98 tons per square inch and a ductility of 9 per cent.”* 

Of these trials, the London “Fngineer” of Aug. 24, 1883, has given 
the following : 

In our correspondent’s “Notes from Lancashire” last week, reference was 
made to a series of trials which have been made with a new 20-ton gun, built by 
Sir Joseph Whitworth and Co., of Manchester, for the Brazilian government, 
and he now sends us further details, which furnish a more complete descrip 
tion. The gun, which is one of a number ordered by the above government,s 
intended for the Brazilian man-of-war Riachuelo; it is made of Whitworth 
fluid-pressed steel, and consists of an inner tube surrounded by two series of 
hoops. The breech-action is that which is known as the French system, with 4 
special arrangement applied by the manufacturers for opening and closing 
The weight of the gun is 20 tons, and it has a bore with a maximum diameter of 
9.05 inches and 29 calibers in length, rifled on Sir Joseph Whitworth’s weil- 
known system. This system of rifling is hexagonal in form, and for it it is 20" 


* Gun Foundry Board Report. 
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claimed as an advantage over other forms that with the introduction of a special 
gas-check the projectiles are now used as cast and require no tooling. The 
hexagonal form of projectile, it may be added, does not depend on the gas-check 
for rotation, and there is no danger of its stripping as is sometimes the case 
with projectiles that have to depend for their rotation solely upon the gas-check. 
It is also well known that a gas-check does not in all cases entirely prevent the 
escape of gas past the projectile, and when this is the case erosion must inevit- 
ably commence, which ultimately will tend to destroy the fine lines of any poly- 
groove system of rifling. The special advantages claimed for the hexagonal 
bore, it may be stated, are that with its well-rounded corners it is stronger in 
form and much less liable to fracture and damage, or to deterioration from cor- 
rosion when neglected, and that with its positive rotation a quicker pitch of rifling 
may be employed, whilst it enables a longer projectile to be used or fired, 
which is a point of considerable importance when the shot or shell is required for 
the piercing ofarmor plates. With regard to loading, any difficulty which might 
arise with the hexagonal form of projectile is overcome by the use of guides, 
and, as all breech-loading guns have now enlarged powder chambers, a guide to 
carry the projectile through the chamber is necessary. If, therefore, the guide 
is made of the right form, the hexagonal projectile can be loaded as easily as 
one of cylindrical shape. It is not necessary to refer at any greater length to 
the special construction of the gun, and, passing on to the results obtained, as 
shown by the series of trials it has undergone, they may be said to have been 
ofa highly satisfactory character throughout. The trials have been carried out 
at Blackley, near Sir Joseph Whitworth and Co.’s works, and on the Birk- 
dale Sands at Southport, and the results of each trial are given in tabulated 
form below : 


| Powder Velocity, 
Round. | charge, feet per Projectile, Result. 
Ibs, second. | 
| 
i 122 1872 } sone anes, 
’ 321 lbs, 
> 89 1982 
3 | 175 — |2096 
4 | 160 2027 “ 
| 
5 | 160 2003 
6 | 160 1988 “ 
7 | 171 = {2074 o 
8 181 1989.9 Common shell, | To deg. elevation, 
| 300 lbs. empty, range, 7876 yards. 
. Solid shot 
| kK 1597. j 4 
= 944 97-9 ’ 400 Ibs. o deg. 
, Steel shell | Fired at and penetrated 
10 2 ‘ = y \18-in. wrought-iron plate 


i a 





| | | 403 lhe. empty. land backing. 


It may be added that during the various trials the pressure in the powder 
chamber ranged from 124 to 17 tons, according to the charge used. 
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The gun was fired at a distance of about go feet from the face of the target, 
and the velocity, judged by the result obtained by the previous shot fired under 
practically the same conditions, would be about 1900 feet per second. 

The target (Plate XXX.) consisted of a solid wrought-iron plate 18 inches in 
thickness, of very good quality, manufactured by Messrs. John Brown and Co., 
of Sheffield. In the rear of the plate was a backing composed of a steel hoop 
37 inches long with a 23-inch hole, and rammed hard with wet sand; then a 
second backing composed of a T-iron riveted on toa steel plate 1% inches 
thick and built in solidly with oak; this was further supported by a cast-iron 
bed-plate 20 feet long by 5 feet wide and 14% inches deep, and finally securely 
strutted by a series of timbers firmly driven into the sand, the whole being 
covered over with wet sand to a height of six or seven feet. 

The shell—g inch diameter and manufactured of Whitworth steel—made a 
clean penetration through the plate (Plate XXXI.), and in its further passage 
burst in two pieces the steel hoop, passed through the backing composed of a 
14-inch plate and oak planks bolted on with T-iron, broke into fragments the 
cast-iron bed-plate supporting the backing, and finally buried itself in the sand 
at a distance of 17 feet 6 inches from the face of the plate, and at a depth of 4 
feet below the cast-iron plate. The shell (Plate XX XI.) when dug out was found 
to have sustained comparatively little injury, except that it had been somewhat 
shortened at the extremity, and a slight twist had been given to the pointed end. 


The London 7imes of September 1, 1883, in a leading article, 
points out the excellent character of the Whitworth armor: 


As far as Woolwich and Elswick are concerned, we have not heard of any 
remarkable achievements in the way of strengthening either the attack or the 
defence ; and the actual performances of the service guns are seldom disclosed 
by the authorities, who are responsible for theirconstruction. It is said, how- 
ever, that the Woolwich So-ton gun has not yet succeeded in sending any pro- 
jectile through so much as sixteen inches of wrought-iron, and that a ship carry- 
ing this thickness of armor would be tolerably safe as far as regards our own 
artillery. Such a result cannot be regarded as final; for, a week or two 
since a g-inch, 7. ¢., about a 20-ton gun, constructed by Sir Joseph Whitworth 
for the Brazilian government, was fired experimentally at Southport, and sent 
a steel shell weighing 403 lbs. through eighteen inches of wrought-iron, thirty- 
seven inches of wet sand, hard ramm_ d into a cylinder, which was split open, 
one inch and an eighth of steel, various balks of timber, and about sixteen feet 
of sand, the projectile being picked up uninjured, except for a slight distortion 
ofitstip. A fortress armed with guns of this description, to say nothing of 
larger and more powerful ones upon the same principle, would be an exceed- 
ingly formidable adversary ; and it is probable that any ships which might 
engage it would be compelled to sheer off to repair damages long before they 
could make any impression upon its defenders. The inventor of the gun does 
hot despair of being able to provide means of protection against it, and is of 
the opinion that an armor plating of compressed steel, built up of segments in 
such a manner as to prevent the extension of a split or crack beyond the limits 
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of the segment in which it was produced, would suffice, not only to resist, but 
even to break up any projectiles of an ordinary character. It will be re. 
membered that a heavy shell, fired experimentally against a target of this des. 
cription, produced no further effect than a shallow and saucer-like excavation 
on its surface ; and it is probable that the extreme firmness of the compressed 
steel would be such as to afford its full degree of resistance to impact by the 
use of smaller thicknesses, and consequently of lesser weights, than are required 
in the case of a less dense material. On this point, however, not only to estab. 
lish the principle, but also in order to discover the practical limits of its appli- 
cation, further experiments are needed; and it can hardly be said at present 
that we possess, or at least, are in a condition to employ, any armor which will 
render the fleet invulnerable to guns well served from fortresses, 


The following extract from a lecture delivered at the Royal Artillery 
Institution, by Capt. C. Orde Browne, and reported in the Proceed- 
ings of the Royal Artillery Institution, for December, 1883, will illus- 
trate his estimate of the Whitworth steel shells: 


You see before you an actual Whitworth projectile and a Terre-Noire pro- 
jectile fired by the sub-committee here. There is a great difference between 
the two shots. This Whitworth shot was an extraordinary projectile; it was 
fired twice at 12 inches of iron, and that projectile has passed twice clean 
through 12 inches of iron. Major Hime obtained authority to take it, and we 
discovered “it in the range. It was just going to be sold as old metal; we 
fished it out from under some old metal and got it up here, Having identified 
and exhibited it, the claims of the projectile were questioned by the committee, 
But its history can be certainly traced out. It had no sooner established its 
claims than while at the Koyal United Service Institution, it was carried off to 
Shoeburyness. However, Major Hime rescued it, and there it is, It isa 
notable projectile. I do not suppose, unless Krupp has one, that there is a shot 
anywhere that has done so much work ; and it appears capable of repeating it 
This is a Terre-Noire projectile; it is made of steel, and you see how muchit 
is set up. If the prujectile set up in that way against wrought-iron, it would set 
up a great deal more than that against the magnificent Schneider steel. The 
Whitworth shot is made for the 100-ton gun, and this shot for the g-inch. Itis 
a great deal more difficult to make equally good shot for the 1o0o-ton gun than for 
the g-inch, and yet the Spezia projectile is enormously beyond this Terre-Noite 
in merit. . . . . Atthis moment our ships are furnished with chilled pro 
jectiles, which are very good against wrought-iron; but I believe they would 
not be good against steel-faced armor, and perhaps they would be worse that 
almost any projectile carried by any foreign ships if they were fired against 
chilled armor, because in this they can make no hole, but merely break it ia 
pieces. In 1879, some of us saw an experiment carried out at Meppen, the full 
significance of which I did not see at the time. Krupp had made what he called 
a Gruson chilled-iron shield, and he made a wrought-iron shield of his own t 
compete against it. He began by firing chilled-iron shot at both, but he was 
shrewd enough to perceive that his rival’s shield, even when made by himself, 
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was likely to do better than was desirable under these conditions; for the 
chilled shot broke with little effect on the former, while they cut deep into the 
latter. That would show that even foreign chilled shot are bad against chilled- 
jron; and I should think ours are perhaps worse. The Whitworth have proved 
themselves the best steel shot, but Sir Joseph Whitworth refuses to make any 
more for us at present, and so does Krupp. At this moment we are badly in 
want of steel shot. The expense of developing steel shot is getting plates to 
try them on ; and if the Admiralty try a great number of plates from time to 
time, it seems a pity to go on testing them with chilled shot which have been 
declared to be useless against them. I hope they will shortly try steel shot 
instead. It is a serious feature that we are not more forward in the manufac- 
ture of steel shot. At this moment the steel-makers tell me that they do not 
want to try 12-inch shot, but they want to try g-inch shot. So that you can 
hardly say that we are in a position to make such shot as that for the 1oo-ton 
gun, unless Sir Joseph Whitworth would make them for us. 


Bessemer Steel Works, Sheffield. —The manufacture of steel 
as treated in the Bessemer converter came under the particular 
notice of the Board at the works of Sir Henry Bessemer, in 
Sheffield.”* 


Lieutenant Chase gives the following description of the English 
converter : 


The English converter (Plate XXXII.) resembles a retort with a broad paunch 
and avery short and wide neck which will not be liable to become choked. Itis 
closed by plates of iron riveted like those of steam boilers, and is lined inside with 
well-rammed refractory earth A, called ganister, the thickness of which varies 
from five to eight inches. At the height of its center of gravity, it is embraced 
by an iron or steel belt B, which carries two trunnions C, resting upon standards 
D. One of these trunnions carries a cog-wheel E, on which a toothed-rack F 
acts, actuated by the piston of a horizontal hydraulic cylinder, so that the con- 
verter may oscillate freely around the axis of the trunnions. An air-chamber 
G, of cylindrical shape and small height, is permanently fixed to the lower part 
ofthe converter. The air is made to reach the chamber at its bottom I, through 
the center of one of the trunnions and through the curved pipe H, which runs 
along the side of the converter. The blast reaches the trunnion by a suitable 
pipe L, and is usually shut off by an independent valve. 

The converter having been brought into a horizontal position, the molten 
cast-iron is introduced. The converter is then turned up into its vertical 
position, and as the liquid metal comes in contact with the tuyeres, the blast 
is turned on, 

The tuyeres T lead vertically under the bath of cast-iron. They are of 
refractory brick and are slightly conical in shape. Each is pierced parallel 
with its axis by conical chambers about an inch in diameter, for the passage of 
tir. The nozzles are set into the ganister lining of the bottom of the converter 


* Gun Foundry Board Report, 
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so as to come even with the surface. The blast is forced into the air-chamber 
by a blowing engine and has a pressure of about two atmospheres. When for 
charging or running off, it is desired to entirely stop the blast, the converter is 
brought into a horizontal position to prevent the molten iron from running into 
the tuyeres and air-chamber. For this purpose it is turned over on its most 
rounded side, the shape being calculated so as to contain all the charge without 
the level M of the liquid rising as high as the tuyere mouths. 

When in operation, the converter should be vertical, and the mouth N leads 
into a basket funnel surmounted by a chimney. 

About an hour before commencing the operation, the converter is heated 
with charcoal and coke in connection with a free use of the blast. When the 
proper temperature is reached, the converter is reversed and the fuel dropped 
out, when it is returned to a horizontal position to be charged with molten iron, 
which is brought either directly from the blast furnace, or a reverberatory. 
The converter is then righted and the blast turned on with full force. The 
whole duration of the operation varies, generally, from fifteen to twenty-five 
minutes, but is prolonged until the last portions of the carbon have disappeared. 
To the product pure cast-iron, spiegeleisen, in the fluid state is added, 
according to the composition of the steel desired, the converter being brought 
to a horizontal position as for charging. After having left the mixture to work 
some seconds, the converter is reversed so as to pour out the metal intoa 
casting ladle, from which the casting is made in the usual manner. 


“ At the Bessemer Works, nothing in the practice deserving 
of special remark was observed with the exception of the use 
of a mechanical stirrer, which is inserted into the molten metal 
in the ladle after the recarburating charge of spiegeleisen has 
been added. The stirrer is, in form, a two-bladed propeller 
on the end of a vertical shaft, actuated by a geared engine of 
6 horse-power, conveniently placed at the side of the casting 
pit. The revolutions of the stirrer have the effect of more 
thoroughly incorporating the spiegeleisen with the charge, dis- 
seminating it throughout the mass.’’* 

Of this mechanical mixer and its application, the inventor, Mr. W. 
D. Allen, Managing Director of the Bessemer Works, in an address 
to the Iron and Steel Institute, said: 

The constantly increasing demand for Bessemer steel of high and uniform 
quality caused the writer’s attention to be directed to the attainment of the 
perfect admixture and blending together of the different constituents; but 
notwithstanding the greatest care in the operation and in the selection of materials 
the results seemed to vary to an extent that was perplexing and unsatisfactory ; 
continued attention convinced him that the want of uniformity arose almost 
tatirely from the imperfect admixture of the carbon and manganese with the 


*Gun Foundry Board Report. 
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converted metal. To overcome this difficulty he devised a mechanical agitator 
to revolve in the fluid metal beneath a covering of molten slag, and therefore 
out of contact with the atmosphere. 

The stirring takes place in the ladle immediately before casting. The appa. 
ratus consists of a vertical spindle A (Plate XXXIII.), having at its bottom enda 
socket B. The spindle is supported in bearings, and is fixed at a convenient 
part of the pit where the ladle of steel can be brought by the hydraulic ladle 
crane beneath it, and is driven by bevel wheels and a horizontal shaft. The 
agitator itself is an iron rod about 1% inches in diameter, one end slightly 
tapered to fit easily into the socket B, where it is held by a cotter, while the 
other end has a long slot punched in it to receive the blade of iron about 2 
feet long, 4 to 5 inches wide, and % of aninchthick. The rod and blade are 
coated with ganister, thoroughly dried and blacked. The ladle of steel, 
immediately after pouring, is brought beneath the agitator and raised bythe 
crane, immersing the blade and a portion of the rod. Rotary motion of about 
100 turns per minute is then given to the agitator, the ladle being raised and 
lowered during the operation to insure all portions of the steel being acted 
upon. When the stirring is deemed sufficient, the ladle is lowered and the 
casting made in the usual way. 

Besides the complete and reliable diffusion of the spiegeleisen, the liberation 
of occluded gases is a most important feature of its use, and with it sound 
castings, free of all honey-combing, and uniform throughout, are now made 
with perfect regularity and certainty by the Bessemer process. 

One grand application of Bessemer steel has, of course, been for rails, So 
marvellous has been its success in that direction, and so persistently has it 
been turned to that use, that there sometimes appears a danger of this splendid 
material being neglected for other purposes, and its use for rails becoming its 
ultimate destiny. 


It is an anomaly that when the charter was granted Bessemer for 
his wonderful process of converting iron, he should have been denied 
the right to manufacture that production—rails—for which Bessemet 
steel was so pre-eminently destined. 


“No product of the Bessemer converter has yet been found 
to answer all purposes for gun construction ; it has been used 
with success for hoops for light guns, but it is deficient in the 
hardness required for tubes and has the reputation of want of 
uniformity. Extensive experiments were made in France 
several years ago with this metal, with a view to adopting it 
for gun construction, but failure after failure caused the aban- 
donment of the effort. Those who are laboring to perfect this 
process insist that great improvements have recently been made, 
and that the character of want of uniformity is no longef 
deserved. Should final success attend these efforts, there will 
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be a probable future of great usefulness opened up for the 
numerous phosphoric ores in the United States, as the Besse. 
mer converter is found to be a most convenient means of apply. 
ing dephosphorizing elements to these ores when in a state of 
fusion. 


Basic Process.—For the purpose of investigating this 
matter, the Board visited the extensive works of Bolckow, 
Vaughan & Co., near Middlesbrough, where, under the guid- 
ance of Mr. E. Windsor Richards, the manager, the manufac. 
ture by what is termed the ‘ Basic Process’ was witnessed. 

This immense establishment is located at Eston, 5 miles 
from Middlesbrough, and there is evidence of great executive 
ability guiding the details of its conduct. The company owns 
very extensive territory adjoining the works, and tributary 
mining districts of coal and ore, and employs fourteen thou- 
sand men. At Eston there are twenty-six blast furnaces: 
11,000 tons of pig-iron are cast per week, and, in addition to 
other fuel, there is a weekly consumption of 13,000 tons of 
coke ; 8000 tons of coal and 7000 tons of ore are raised per 
day. 

One point may be mentioned in connection with the manu- 
facture of steel rails at this establishment. The iron is not cast 
into pigs, but is carried direct from the blast furnace to the 
Bessemer converter ; after casting, the ingot is removed at 
the earliest possible moment from the mould, and after a short 
re-heating is carried to the rolls, from which it comes out in the 
form of a finished rail, the whole operation being completed 
in one heat. 

Ten Bessemer converters are in operation, six worked by 
the Basic Process and four on the usual Acid Process, witha 
siliceous (ganister) lining.”* 


The following extract from the London “Engineering” contains a 
excellent description of the Bolckow-Vaughan establishment: 


The Cleveland Steel Works, as they are called, immediately adjoin the blast 
furnaces of the firm at Eston and South Bank, the latter range of furnaces 
being merely separated from the former by the Middlesbrough and Saltbum 
branch of the North-Eastern Kailway, which passes between them, and is com 
nected with the sidings of both the works. The works are also connected by 


* Gun Foundry Board Report. 
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a private line with a fine jetty on the banks of the Tees, provided with ample 
appliances for the rapid unloading of foreign ores, &c., and for the shipment 
of rails. The steel works were commenced in 1876, shortly after the firm had 
resolved to give up the works which they had previously had at Gorton, near 
Manchester, while in the following year, 1877, the manufacture of steel by the 
Bessemer process was started. From the very first, the works were laid out 
with a view of converting the molien iron from the blast furnaces into steel 
rails by the aid of the best mechanical devices which experience and engineer- 
ing skill could suggest, and as they have been enlarged, and developed, this end 
has been kept clearly in view, and nothing has been allowed to stand in the way 
of improvements. As a result, the works as they now stand are a magnificent 
example of modern practice, remarkable not merely for their vast size and 
enormous productive power, but also for the perfection of their details, and 
for the evidences on all sides of the enterprising skill and energy with which 
they are controlled. 

The main buildings at the Cleveland Steel Works form a rectangular block 
made up of a series of parallel spans, the center lines of the spans being at 
right angles to the direction in which the materials pass through the works. 
Thus, commencing at the western end of the works, the successive spans may 
be considered as devoted to the successive operations which the material under- 
goes during conversion from the product of the blast furnaces into finished 
rails, while longitudinally the ranges of shops may be regarded as divided by 
an imaginary line into two parts, of which the northern is devoted to the manu- 
facture of steel by the basic process, and the southern—and older—part to the 
acid Bessemer process. 

At the time when the Eston works were planned, the basic process was un- 
known, and the plant was originally laid out for the ordinary Bessemer process, 
it being proposed to erect—as has since been done—two pairs of 8-ton con- 
verters, It will be remembered that in 1874, a warm discussion ensued as to 
the practicability and impracticability of the system of supplying Bessemer 
converters with molten iron direct from the blast furnaces, a mode of working 
which had been originally contemplated by Sir Henry Bessemer. At Barrow 
very strong opinions were expressed on both sides by men of high standing in 
the steel trade, and the balance of the evidence was decidedly in favor of the 
“direct process,” as this method of working has been sometimes named. 
During the following years—1875-76—this system made steady advances in 
this country, and its advantages became generally acknowledged by our leading 
steel-makers. It was used by Mr. E. Windsor Richards at Ebbw Vale, by Mr. 
Snelus, at Workington, and by Mr. E, T. Smith—originally one of its strongest 
opponents—at Barrow, and in each case with most satisfactory results. When, 
therefore, the Eston Works were planned, they were laid out for this mode of 
working, Mr. E, Windsor Richards designing the arrangements for handling 
the metal. 

These arrangements were adopted for the converters put up for carrying out 
the ordinary Bessemer process, and in principle they have been adhered to in 
constructing the plant for the basic process. The blast furnaces employed in 
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smelting iron for conversion into steel are raised, so that a line running on the 
level of the floor of the steel works can be carried through a tunnel which runs 
underneath the pig-beds. On this line run the trucks carrying the ladles by 
which the molten iron is conveyed to the converters, the iron being run into the 
ladles direct from the blast furnaces through openings in the top of the tunnel 
just mentioned. The pig-beds are only used for casting any iron which it May 
be necessary to run at times when the steel works cannot take it. ‘The ladies 
containing the molten iron are hauled by small locomotives to the steel works, 
and then raised by suitable hoists to the level of the converter stages, along 
which they are run into the proper positions for pouring into the converters, 

Messrs. Thomas and Gilchrist prepared for the Paris meeting of the Insti- 
tute in 1878, a paper “‘On the Elimination of Phosphorus in the Bessemer 
Converter,” this paper describing their earlier researches and experiments, 

Although the paper was not read at Paris, yet at that meeting the subject 
was brought by Mr. Thomas before the notice of Mr. E. Windsor Richards, the 
manager of the Cleveland Steel Works, and Mr. Richards, appreciating its im- 
portance, very shortly afterwards arranged to give it atrial, After examining 
into what had been accomplished by Messrs. Thomas and Gilchrist at Blenavon 
and Dowlais, Mr. Richards put up a pair of experimental 30 cwt. converters at 
Eston, and then commenced an extensive series of trials—some successes and 
some failures—which tested the skill and perseverance of all concerned in 
them. It was not merely the details of the basic process itself which had to 
be worked out, but the difficulties of preparing and applying the basic materials 
used for the linings of the converters. At length the energy and persistence 
of those engaged in the development of the system were rewarded with suc 
cess, and on April 4, 1879, two successful charges were worked in the presence 
of a number of visitors. Shortly after, one of the 6-ton converters at Eston 
was re-lined for the basic process and a fair degree of success was obtained 
with it. 

The uews of what was being done at Eston naturally created great excite 
ment abroad, and from the United States, Belgium, Germany, France, and 
Austria, requests for further information poured in upon Messrs. Bolckow, 
Vaughan & Co., who had in many cases the most unreasonable demands made 
upon them. From that time to the present the practical details of the process 
have been steadily improved until, under the fostering care and energy of Mr. 
E. Windsor Richards, it has attained at Eston a grand development. 

There are now at the Cleveland Steel Works six converters, each of 15 tons 
capacity, devoted to the basic process. These converters are disposed intwo 
groups of three each, the whole six converters being in one straight line, and 
each group having in front of it a shallow double pit in shape somewhat like 
the letter 0, and provided with two hydraulic ladle cranes. The section of 
the building containing the converters and pits is spanned by steam traveling 
cranes by which converter-bottoms, &c., can be lifted and by which 
the charges of lime are brought to the converters in suitable iron 
hoppers. At the back of the converters and at a convenient height russ 
a charging stage, along which are conveyed to the converters in ladles mounted 
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on carriages, the charges of molten iron from the blast furnaces, and from 
which the converters also receive the additions of hematite and spiegel. The 
staging is provided with the necessary hoists, and behind it again is a space de- 
yoted to the preparation of the converter-bottoms, hoods, &c., the plant in this 
department including mortar mills for the mixing of the magnesian limestone 
with tar, large ovens for the firing of the bottoms, &c. The bottoms, we may 
mention, are rammed by hand, the men using red-hot bars for rammers, and the 
tuyere holes for the blast being formed by iron cores inserted in the mould, 
The material is well rammed around these cores, and the latter are as a rule 
knocked out before the bottoms are fired. 

Returning to the front of the converters, it will be readily understood that 
by the arrangement of ladle cranes above mentioned, either crane can command 
two converters. The processes of pouring from the converter to the ladle, and 
the subsequent teeming of the steel into the moulds, are the same as in the 
ordinary Bessemer process, but the quantity of slag to be dealt with is much 
greater—being about one-third the weight of the steel—and it is the practice to 
pour off a great portion of this slag from the converter immediately after the 
“after-blow,” as it is called (this being the name given to the part of the blow- 
ing which lasts after the elimination of the carbon), and prior to the addition of 
the spiegel. 

The rail ingots cast are 1514 inches square, and vary in weight from 1 to 
1% tons, according to the section of rail to be rolled. As soon as possible 
after teeming, they are taken from the moulds, placed on trolleys and run off 
by smail locomotives, ranning on lines of 3-feet gauge to the range of Siemens 
gas-furnaces, where they are wash-heated, or rather where their heat becomes 
equalized throughout, the amount of real heating done in these furnaces being 
comparatively small, and there being, it must be borne in mind, no, subsequent 
heating whatever. 

After having remained a sufficient time in these furnaces, the ingots are 
drawn out by a very simple arrangement of hydraulic gear, each ingot as drawn 
being received by a trolley, which is at once towed off by one of the small loco- 
motives to the cogging mill. 

From the c. gging mill the bloom is conveyed to a powerful horizontal shear- 
ing machine, where it is cropped and delivered on to a narrow-gauge trolley 
placed on a line below the level of the floor of the mill. One of the small loco- 
motives running on a parallel line of rails is then attached to this trolley and 
tows it up a short gradient to the mill floor level, and runs it along at great 
speed to the finishing mill. 

Rails 150 feet long, or upwards, are dealt with at Eston with as much 
tase as shorter lengths. ‘The time occupied in making the 12 passes through 
the roughing and finishing rolls being 80 seconds only. As a matter of fact, we 
believe that over 400 tons of rails have been produced in a ten hours’ shift at 
this mill, 

So far we have been speaking of the basic side of the works only. On the 
side devoted to the acid, or ordinary, Bessemer process, the arrangements are 
Very similar, In this case, however, there are four converters of eight tons 
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capacity arranged in the manner to which we made reference in the early part 
of the present article. The cogging mill on this side, also, serves either of ty 
finishing mills, these being driven by one engine situated between them 
Altogether about 5000 tons of Bessemer steel per week are being turned outg 
Eston by the two processes. In the completeness of their arrangements fo 
the rapid handling of the material in the course of manufacture with the mini. 
mum of hand labor, the Cleveland Steel Works are probably unequalled in the 
world. 

“In the Basic Process ihe converter is lined with a mixtur 
of dolomite (magnesia limestone), calcined, pulverized, and ip- 
corporated with coal-tar to make it pasty. The converter's 
taken to pieces and lined with this mixture 18 inches thick. 
Before lining the bottom, through which are the perforations 
for the passage of air during the operation of blowing, long 
rods are inserted in the holes, and the mixture is packed 
around them. When this operation is completed, the rods ar 
removed, leaving holes through the bottom lining. The 
pieces of the converter are then assembled, and a fire is lighted 
on the inside to burn out the coal-tar on the inner surface; the 
whole lining then has aset. One lining of the sides is good 
for 40 or 50 blows; one lining of the bottom is good for 
blows.’’* 

Holley has given the following description of the converter and 
lining : 

The vessel is concentric, the nose being central and upright when the vessel 
is blowing. The internal diameter is 8 feet 4 inches, and the internal height 
14 feet 5 inches. There are 21 tuyeres of ordinary size. The ve«sel is rotates 
by an hydraulic engine, acting through a worm wheel on the tivenion. kis 
divided into three sections, to be removed ; the bottom, the cylindrical center, 
together with the trunnion-ring and pinion, and the conical nose. The bottom 
is removed by a ram, onacar. The two parts of the shell are each raised ly 
overhead cranes, traversed out into the pit, lowered to a car and withdrawn t 
the rear. 

About half the thickness of the lining, next the shell, is rammed material; 
the inner half is brick. The rammed material for both linings and bottomsis 
dolomite, burned in a cupola, as hard as possible by 1800 pounds of coke per 
ton of burned stone. After the bed charge of coke, the limestone and cokt 
are thoroughly mixed. The calcined stone is ground and mixed with 10 pt 
cent of coal tar. About 100 pounds of material are at present (1881) used for 
linings and bottoms, per ton of steel. 


“ The converter being in place and heated, a charge of putt 
common lime, unslacked, is introduced (15 per cent of the 


* Gun Foundry Board Report. 
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CONVERTER WITH BASIC LINING. 


charge of iron). The molten metal, brought from the blast 
furnace, is then poured in and the blow commenced. When 
the phosphorus is removed, which is ascertained by mechani- 
cal tests, about three-fourths of the charge is emptied into the 
ladle, in which ferro-manganese has been previously placed ; a 
charge of 43 per cent of molten hematite, imported from Spain 
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and containing from 24 to 3 per cent of silicon and a mere 
trace of sulphur and phosphorus, is then brought from a cupola 
furnace and poured into the ladle, causing a violent ebullition: 
this goes on for a time, more ferro-manganese being added, if 
necessary, to prevent red-shortening. When the boiling ceases, 
44 per cent of spiegeleisen is poured into the ladle, which js 
then brought again under the converter and receives the rest 
of the charge. The casting is then made from the ladle, 

The ore used in this process is of very inferior quality ; it 
is called Cleveland stone, has 42 per cent of iron and high 
phosphorus, the pig containing 14 per cent. Being very low 
in silicon, it does not destroy the lining, which would be the 
case if silicon was high. The object of the lime is to take up 
and hold the phosphorus in the slag. The phosphorus is in- 
creased in the charge by adding some of the old slag, making 
the proportion of phosphorus 1.75 per cent. The amount of 
silicon in the iron is from 0.75 to 1 per cent. During the oper 
tion of blowing, this silicon is the first to disappear ; the carbon 
is then consumed, immediately after which the phosphorus 
passes into theslag. This operation requires about 24 minutes, 
and is timed from the moment the collapse or falling of the 
flame shows that the carbon is burned out. 

Mr. Richards stated that previous to the introduction of the 
charge of hematite during the operation there was a want of 
uniformity in the results; that sometimes there would remain 
traces of phosphorus, but that the introduction of the pure 
hematite, which has only a trace of phosphorus and is high ia 
silicon, before casting gives such stability to the mass as 0 
prevent the slag from parting with any of the phosphorus it has 
taken up; the silicon also in the hematite is oxidized in calm- 
ing down the steel, and it also goes into the slag. The introdue- 
tion of the hematite also makes it possible to halve the ord 
nary charge of spiegeleisen, which, as spiegel is costly, cheapess 
the operation. 

The Basic Process, thus briefly sketched, has for its object the 
utilization of inferior ores. It is the only one now known by 
which this injurious element, phosphorus, can be eliminated 
For guns, the natural prejudice would be against metal made 
from ore which was originally defective, but the operators af 
this system hold that their product is as good as if made from 
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pure ore. Whether it will ever be used for gun metal will 
depend upon the confidence that it may inspire in the future, 
but the problem of its application for general purposes has been 
successfully solved.”* 

The various intelligent opinions expressed as to the relative economy 
and quality of the productions of the basic and acid processes, render 
it extremely difficult to pronounce which possesses the greater merit. 

The basic process has been introduced into Russia, and there em- 
ployed in connection with both the Siemens furnace and Bessemer 
converter. It has obtained a strong hold in France, Austria, and Bel- 
gium, and, while the practice varies in different works, and samples 
and analyses from the same works do not agree, yet it is, on the whole, 
considered about as uniform as the acid process. 

The quality of the soft steel is superior, and it is the remarkable 
purity and mildness, which, with the cheapness (because cheap ores 
can be utilized), is likely to give the basic steel an enormous use for 
boilers, ships, bridges, and all structures requiring toughness. It 
seems also to fulfil all the requirements for rails, tires, and axles. 

On the other hand, it is held that the vulnerable point of the pro- 
cess is, undoubtedly, the relatively small durability of the refractory 
linings. It is probable that the cost of conversion in the basic process 
will always be somewhat higher than in the acid process, and on this 
account the pig-iron employed for the former should be, at least, so 
much cheaper than that used for the latter as to pay for the cost of 
the lime additions, and for the expense of handling both these and 
the greater bulk of slag produced, and also for the somewhat in- 
creased waste, and for the present, at least, larger consumption of 
refractory material. 

The process has been very carefully tried at Creusot in the open- 
hearth furnace and Bessemer converter. The best results were 
obtained from the latter, but neither was considered economical ; and 
as many of the railway companies refused, through prejudice, to re- 
ceive rails manufactured by this process, the furnaces were stopped. 

Mr. Ellis, of Sheffield, did not succeed during his experiments, in 
producing uniform metal, but in Germany there are several works 
using the process largely. 

In the hands of Mr. Windsor Richards, it has been made a great 
success, and the iron mines of Cleveland, which suffered a temporary 
check through the universal susperseding of iron by steel rails (which 


* Gun Foundry Board Report. 
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require pure ore for their production by the acid process), are jp 
fair way to receive a development greater than ever, thanks to the 
de-phosphorizing process brought into practical working by Messrs, 
Thomas and Gilchrist, and so ably extended by Mr. Richards, 

The process has been worked to some extent in the United States, 
but the patents are now reported to be held by a syndicate to prevent 
the use of phosphoric ores in certain districts. 

It was suggested to the Army Ordnance Board for use in the 
manufacture of large cannon, but as the Government was asked tp 
expend more than $1,000,000 for a suitable plani, the suggestion was 
not received with favor. 


PRESENT CONDITION OF THE ENGLISH ARTILLERY, 


“Tt is well known that the essential characteristics of the 
Woolwich gun were that it was a muzzle-loader and depended 
for its strength upon wrought-iron coils. The security of 
muzzle-loading and the safety derived from the wrought-iron 
used in the construction of the gun have been claimed a 
advantages over other constructions. 

At the time of the visit of the Board to England it was found 
that a great change had taken place in the opinions of the 
English artillerists on these two points, and that the military 
and naval services were changing the character of their arma- 
ments. The first effort was directed to the substitution of the 
breech-loading system. This was induced by the increasing 
difficulties attending the loading of large guns at the muzzle 
both on shore and at sea. Adherence to the practice of mur 
zle-loading had imposed much additional expense for machit- 
ery necessary for manipulation, and the ever-increasing length 
of guns and weight of projectiles complicated the difficulties 
It was determined that attention should be given to the ques 
tion of applying the breech-loading principle to guns, and in 
1879-’80 plans were made for such constructions, and the 
experiments were inaugurated which promise to involve a 
entire change in the armament of the country. 

Although the idea of introducing the system of breech-load- 
ing seems to have been forced by the difficulties attendast 
upon the use of large calibers, the effort is now being 
to apply the change to all calibers. The Board found that 
in the gun factory at Woolwich, guns of all calibers were being 
fitted on the breech-loading system. 
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One of the first experiments tried was with a 12-inch 43-ton 
gun, manufactured at Woolwich, which was built of wrought- 
iron coils and fitted with the French fermeture, necessarily 
inserted in the rear of the steel tube. Good ballistic results 
were obtained, but the construction of the gun does not seem 
to have given satisfaction. At the same time some experi- 
ments with 6-inch breech-loaders were carried on. These 
were built up in the same way ; several failed, some of them 
after being fired with battering charges. The reasons assigned 
refer to bad metal and to errors in manufacture. These fail- 
ures, however, seem to have convinced the authorities that it 
was not wise to continue the use of coiled wrought-iron hoops 
and breech-pieces, and the Board finds that with the adoption 
of the system of breech-loading there is a positive move to 
the use of steel for all parts of their gun construction. 

The guns under construction at the Woolwich Gun Factories 
indicate that this conclusion has been accepted by the Govern- 
ment, though the differences perceptible in some of them show 
the gradual growth of the developed idea. For example, 
though the 12-inch 43-ton gun of latest order is composed 
entirely of steel, there are other guns of the same caliber and 
weight which have a portion of their hoops made of wrought- 
iron coils. There is no doubt, however, that the use of 
wrought-iron and the system of muzzle-loading have been 
abandoned.” * 

The new 43-ton breech-loaders are intended to supersede gradually 
the 38-ton muzzle-loaders. They are of 12 inches caliber and 27: 
feet long. The projectile weighs 700 lbs., and the charge will be 
between 250 and 300 pounds. For service on shipboard the guns 
will have no trunnions, but will be supported in their carriages by 
close fitting bands, the under section of the hoop, corresponding to 
the trunnion-band, having four square-cut rings, which seat in a 
grooved block of the carriage. By this means much space is saved, 
particularly when mounted in turret, where the guns can be brought 
close alongside of each other. 

“In addition to the 12-inch 43-ton steel guns, there are in 
hand 13-inch 62-ton steel guns ; also 10-inch 26-ton steel guns 
designed to throw a projectile of 500 pounds with an initial 
velocity of 2100 feet. Much interest is also felt in the success 


* Gun Foundry Board Report. 
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of the 9.2-inch 18-ton steel gun, which is designed to supersede 
in sea service the present 10-inch 18-ton wrought-iron muzzle. 
loader.’’* 


It is 26 calibers long, has a charge of 105 pounds, a projectile of 329 
pounds, and a muzzle velocity of 2046 feet with a pressure under 15 


tons. 


The total thickness of metal over the chamber is 13} inches, 


The breech-mechanism engages in the jacket, which is 4 inches thick, 
The tube is 44 inches thick over the chamber. 


“ Four 8-inch 114-ton steel guns are being manufactured jn 
the Royal Gun Factories; two of them will be 30 calibers jn 
length and two will be 26 calibers in length, the shorter being 
intended for seaservice. Breech-loading guns of 6-inch, 5-inch, 
and 4-inch calibers are also now constructed of steel. 

In this transition from wrought-iron to steel it must be 
particularly noted that the change as thus far made in large 
guns consists in the substitution of coiled steel for coiled 
wrought-iron ; the reason for taking this intermediate step 
being the want of experience at the Royal Gun Factories in the 
manufacture of solid steel hoops, and the greater certainty of 
the manufacture of the steel coils. The superiority in strength 
of the steel coil over that of wrought-iron is positively claimed 
by the superintendent. Jackets (breech-pieces) and hoops of 
forged and rolled steel are to be used as soon as practicable. 

What has been recognized by the world as the Woolwich 
system no longer exists in practice. In its place we find the 
Vavasseur design (Plate XX XIV.), a gun composed of a steel 
tube, with a steel jacket (breech-piece) supplemented by super- 
imposed layers of steel hoops. This change has been brought 
about by public opinion, which has asserted itself in condem- 
nation of the material and the system of construction so long 
in use. 

Material.—It is stated by a very high authority that 
wrought-iron welded into such large masses as are required for 
the Frazer system, loses its fibrous character and becomes 
highly crystalline. 

The use of the coiled steel hoops, adopted as a temporary 
expedient at Woolwich, is objected to by high authorities, who, 
while allowing that steel of an extremely mild quality might 
be used for welded coils, say that it would be no better than 


* Gun Foundry Board Report. 
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iron, and that at the point of welding no greater strength thay 
that due to iron can be obtained. 

All authorities concur that steel, superimposed in layers 
over an inner barrel, is the best material for ordnance, and the 
preponderating testimony favors its manufacture by the Open. 
Hearth Process. This is not due to any objection to crucible 
steel, which has heretofore been used for all gun-tubes, but 
because the results of the Open-Hearth Process are equally 
satisfactory and cheaper. Even those who insist in retaining 
crucible steel for tubes are willing to adopt the open-hearth 
steel for jackets and hoops. 

There is a difference of opinion as to the mode of manufac. 
ture of the hoops and jackets. All agree that small hoops 
should be rolled after having been forged into a ring shape 
from a cast ingot; but for larger hoops and jackets it is 
recommended by some that they should be cast hollow and 
then forged, and by others that they should be cut froma solid 
ingot and forged; while still another authority thinks that 
hoops and jackets of large size should be bored out of the solid 
after forging. 

Construction.—In the latest designs for steel guns the system 
of Mr. J. Vavasseur has been adopted. This (Plate XXXV.) 
consists of a tube as thin as is consistent with strength; a long 
jacket shrunk on to provide longitudinal strength ; and layers 
of superimposed cylinders or hoops shrunk on, the number of 
layers varying with the size of the gun. The thin tube 
develops more thoroughly the principle of a built-up gun, 
and is less liable to contain concealed defects. It makes the 
ultimate strength of the gun less dependent on its integrity. 

Sir William Armstrong advocates a greater number of 
layers than Mr. Vavasseur or the superintendent of the Royal 
Gun Factories. The latter agree that the thickness of the 
layers should not be reduced to a point where the mass i 
not sufficient to compress the structure under it in process of 
cooling. 

Sir William Armstrong considers that he increases the end 
strength of the layers of his guns by interposing sheet coppet 
between the surfaces, and states that copper has been used it 
this way at Elswick for two or three years. The superintem 
dent of the Royal Gun Factories and Mr. Vavasseur object t0 
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the use of copper, as rendering the compression due to shrink. 
age uncertain in amount. They prefer to rely for end s 

on hooking the layers together. In their latest designs the 
chase of the gun is not reinforced, but depends for its strength 
on the thickness of the steel tube. Sir William Arm 
however, considers it desirable to extend the hoops to the 
muzzle of the gun to provide against the possible premature 
bursting of a shell in the bore.” * 


Plate XXXVI. presents the result of a most important and interest. 
ing experiment made by Sir Joseph Whitworth to illustrate the effective 
power of shrinkage. The ring was made of mild, fluid-pressed sted, 
and was heated and shrunk on toa plug 18 inches in diameter. Wheg 
cold, the plug was forced out by an hydraulic pressure of 3200 tons 

The experiment thoroughly proved the union of the two parts, 
and is an excellent test of the merits of shrinkage without the inter. 
position of any other metal. 

Sir Joseph advocates the perfect machining and measuring of the 
portions to be assembled, and, with Dr. Siemens, believes it is of the 
utmost importance that the temperature to which the hoops are raised 
should be adjusted with the greatest nicety. 


“ The pressures to which the guns will be permitted tobe 
habitually subjected will not exceed 18 tons to the square inch 

The propriety of lining the tube with a thin steel lining, is being 
closely considered for the purpose of providing a plan forte 
newing the portions of the metal scarred by firing, without 
having to resort to re-tubing. There is no doubt that exper- 
ments will be made in this direction. 

Breech-Closing.—All the authorities in England now a¢- 
vocate the breech-loading system for cannon. The inter 
rupted screw, commonly known as the French system (se 
page 749), is preferred, and has been adopted at Woolwich 
In the heavier guns, at least, the breech-screw will not engage 
in the tube, but in the cylinder immediately surrounding it 
thus relieving the tube from that portion of the longitudinal 
strain which tends to blow out the breech. The numberd 
interruptions increases with the caliber; there are four in the 
breech-mechanism of the 12-inch 43-ton gun.” * 


The principal advantages of breech-loading are: It permits th 
projectile to be of the greatest possible diameter, secures accuracy 


* Gun Foundry Board Report. 
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SIR JOSEPH WHITWORTH’S EXPERIMENT SHOWING 
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fit, and the best means of the application of the expanding materi 
to take the rifling. Any sparks remaining in the bore can be easily 
and surely removed, thereby preventing a not unusual source of 
danger. Any injury to the vent can be readily repaired in the moy. 
able breech-piece. The gun can be more rapidly fired, and the foy). 
ing of the bore does not interfere with the loading. There is no 
danger of double shotting. The bore can be more readily inspected 
and any weakness more easily discovered. And, above all, breech. 
loading permits increased length of guns for use on board ship, and 
provides greater protection for the gunners. 

The relative merits of the two systems of breech-loading and muz. 
zle-loading are clearly and forcibly stated by Sir William Armstrong, 
in hisaddress before the Institution of Civil Engineers in January, 1882 
as follows : 


The question whether breech-loading or muzzle-loading guns are most ad- 
vantageous is one which has been discussed in a very uncompromising sit, 
as if one or other of the two systems ought to be universally adopted, to the 
entire exclusion of the other. Impartial consideration, however, will show that 
there is room for both systems, and that each is best in its proper place. It has 
been distinctly proved that, so faras accuracy and velocity are concerned, there 
is nothing to choose between them. Neither is there any material difference 
in regard to rapidity of fire; nor would a superiority in this respect on either 
side be of much value, seeing that it is of far more importance to cultivate 
careful and deliberate fire than to facilitate a lavish expenditure of the very 
limited supply of costly ammunition that can be assigned to each gun in active 
service. With regard to convenience of loading and security of the gunners, 
the advantage is in most cases, though not in all, on the side of the breech 
loader. Guns mounted on the broadsides of ships or in casemated batteries 
cannot be loaded at the muzzle by any known method without very seriously 
exposing the men to the fire of machine-guns and small arms. In fact, the 
great length of modern guns renders it impossible to get access to the muzzle for 
the purpose of loading without allowing more space for recoil than is practice 
ble in a ship, or in the usually confined space of a casemate ; so that in these 
cases breech-loading must be regarded as a necessity. But in earth-work bat 
teries a muzzle-loading gun can, by proper arrangement, be loaded under shel- 
ter of the parapet more securely and quite as conveniently as a breech-loadet 
In revolving turrets, also, a gun may be loaded at the muzzle by external 
means, involving no exposure of the men, and in gun-boats carrying a hear 
gun on the line of the keel, loading at the muzzle is also easily effected. 

The superior simplicity of a muzzle-loading gun entitles it to a preferent 
wherever it can be used with equal advantage. All breech-loading mechanisa 
is of a nature to require very accurate fittings, such as require care both inus 
and for preservation. Breech-loaders, therefore, are very unfit weapons for im- 
perfectly instructed gunners, and they are quite out of place in open batteries 
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where they would be exposed to the injurious influences of the weather and of 


drifting sand. It would be folly, therefore, in such cases to use them in pref- 
y erence to muzzle-loaders, which require little care for their preservation and 
: take no harm from exposure. 
le 
|. Of breech-fermetures and the part of the gun into which they 
. should engage, Colonel Crispin, U. S. A., gave as his opinion : 
Regarding the systems of breech-closing, the round wedge and the slotted- 
. screw plug fermetures are the only two modes known to the civilized world 
d which have been thus far thoroughly perfected, and as they both meet excel- 
lently well all the requirements of a good breech-closing arrangement, and as 
1- it is hardly possible to suggest anything superior in simplicity and effective- 
g, ness, it was thought unnecessary to make any additional researches looking to 
2 the presentation of other systems. One feature in the construction of those 


plans which involve the use of interior tubes is important, and to it attention 
is especially invited. It is the relief of the interior tube from longitudinal 
4 strain, the breech-block in every instance working in the steel breech-receiver, 
Tt, and the longitudinal stress being primarily applied entirely to the latter and 
he transmitted hence, however, to the cast-iron casing. The interior tube being 
1a! thus unclosed at the rear end, has, besides the tangential strain, only a longitudi- 
1as nal stress to the front, produced, principally, by the powder gases operating 
= onthe shoulder of the chamber and the friction occasioned by the passage of the 
ace 
ber 
ate 
ery 





projectile through the bore. It is hence not subjected to the pulling-apart 
tendency which arises in those constructions, such as the Woolwich and Arm- 
strong, where the interior tube receives the breech-mechanism and thus closes 
the tube, in the act of firing, at the rear. The 1oo-ton Italian gun (Armstrong 


ive manufacture) which burst on board of the Duilio, was so constructed, and its 
ers thick steel interior tube closed at the rear by the breech-plug gave way, below 
eh the shoulder joining the bore and chamber, and carried with it, to the rear, sec- 
nes tions of the shrunk-on wrought-iron jackets; these latter so connected together 
sly as to afford but little longitudinal support, and hence throwing almost the en- 
the tire strain on the interior tube. Consequently, I give decided preference to 
bas plans in which an interior lining-tube, disconnected with the breech-mechanism, 
ica finds place. 

yest 

= There has been much discussion as to whether the slotted-screw 
re fermeture is more liable to be disabled by projectiles than the wedge. 
nl Both are much, and apparently equally, exposed when open for load- 
“ary ing, but are somewhat protected by the breech-hoops. 

‘The wedge system has the advantage of having been tested in ser- 
on vice, and a just comparison cannot be made until the slotted-screw 
ee has had as thorough an opportunity to prove its fitness. 

Gas-Check.—The de Bange gas-check (see page 750) has 


we been adopted at Woolwich and is preferred by Mr. Vavas- 
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seur. It is considered as complying more nearly than any othe 
with the conditions required of a perfect gas-check. It requires 
no seat to be prepared for it in the chamber, is not liable to de. 
rangement, and does not require perfect accuracy in its many. 
facture. Sir William Armstrong adheres to the Elswick cup, 
as opposed to the Broadwell ring, and objects to the de Bange 
gas-check because of the additional length of gun required; 
in the 12-inch 43-ton gun this amounts to 6 inches. 

Vent.—The vent is in the axis of the gun, and the escape qf 
gas through the orifice, after firing, is checked by a device by 
which a plug is drawn into the neck of the primer by the action 
of pulling the lanyard attached to the friction tube. 

Form of Chamber.—At the Royal Gun Factories it is cop 
sidered that the best results are obtained with chambers nxt 
more than 34 diameters in length, and with an opening thefil 
diameter of the chamber. Sir William Armstrong, though 
preferring a long, narrow chamber as being favorable to 
strength of tube, thinks that under the present aspect of the 
powder question the short, wide chamber, with full-sized open 
ing, must be adopted.”* 


Experiments have produced results decidedly in favor of th 
Woolwich gun, and have fully warranted the conclusion, that large 
short chambers are the most efficient. 


‘‘ Rifling.—All the authorities, except Sir Joseph Whit 
worth, who adheres to the polygonal system, agree that the 
grooves should be numerous and shallow. 

The rifling (Plate XXXVII.) is polygroove ; the groove 
are cut to a depth of 0.05 inch, and their non-driving edgesat 
sloped to diminish the scoring. The twist is an increasing om 
(from about 1 in 120 calibers to about 1 in 35 calibers) fa 
about half the length of the rifling ; the other half, to the mualk, 
being a uniform twist of about 1 in 35 calibers. The numbe 
of grooves is determined by the caliber and is the product 
4, and the diameter expressed in inches; thus, the 12-inch gu 
has 48. 

Rotating Rings.—The Vavasseur rotating ring is - 
adopted by Woolwich and Elswick, the dimensions beng 
determined by experiment. Mr. Vavasseur lays great sue 
on the position of the rotating ring on the projectile. He-stalts 


* Gun Foundry Board Report. 
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that it should be at the center of percussion with respect to the 
front bearing. 

Wire Construction.—The employment of steel ribbon » 
wire in gun construction has been more or less considered singe 
1855, when Mr. James A. Longridge brought to the notice of 
the War Office his proposed method of increasing the strength 
of guns by this means. Some experiments were made, byt 
they were not satisfactory. Of the strength that was gives 
circumferentially there was no doubt, but the difficulties of 
providing it longitudinally were so great that the subject was 
dropped at the time. Recently, however, the matter has been 
taken up by Sir William Armstrong, who has manufactured 
several wire guns.”* 

In his presidential address to the Institution of Civil Engineers, he 
gave the following opinions : 

But the problem is ever before us how to lessen the weight and increase th 
power of heavy ordnance, and we cannot rest satisfied with results, however 
good, if they be not the best that appear to be attainable. In saying this, lam 
led to speak of a system of construction which has not yet passed through the 
experimental stage, but which, from the results it has already given, promises 
to attain a wide application. I refer to that system in which the coils su 
rounding the central tube consist of steel wire, or ribbons of steel, wound 
spirally upon the tube. To those who object to welded coil tubes on th 
ground of supposed deficiency of longitudinal strength, this mode of construction 
must appear especially faulty, inasmuch as lateral adhesion, instead of being, 
as contended, merely deficient, is altogether absent ; while to those who advo 
cate the present coil system this variety of it must commend itself as affording 
the greatest possible amount of circumferential strength that can be realised 
from the material employed. Steel in the form of wire or drawn ribbon po 
sesses far greater tenacity, and also greater toughness, than in any other com 
dition; and in applying it to guns we have perfect command of the tensio 
with which each layer is laid on. The idea of using wire for this purpose i 
far from new. It formed the subject of a patent obtained by Captain Blakey 
in February, 1855, and also of a patent taken by Mr. Longridge a few montls 
later, soon after which time the late Mr. Brunel conceived the same idea, and, 
in ignorance of the existence of any patents on the subject, commissionedm 
to make for him a cannon upon this principle ; but as soon as he discovered 
that the ground was occupied by patents, he gave up the project, and fort 
same reason I abandoned it myself. Mr. Longridge has persistently advocated 
the use of wire for this purpose, and has more than once brought the subject 
before this Institution. He has also suggested a form of gun designed witha 
view of obviating the objection of want of longitudinal strength, but I ama@ 


* Gun Foundry Board Report. 
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aware that his method of construction has been reduced to practice. Of the 
theoretical advantage of this system there can be no doubt, but the difficulties 
only begin when we endeavor to put the theory into practice, and no solution 
of the problem of how to do it can be accepted without the production and 
trial of an «actual gun. My own attention was redirected to the subject nearly 
five years ago, when the patents had long expired ; and, after making various 
preliminary trials with small wired cylinders, a 6-inch breech-loading gun of 
this construction was commenced in 1879, and finished in the beginning of the 
following year, since which it has undergone many severe trials. The charges 
used with it were large beyond precedent, and the energies developed, propex- 
tionally high. Being satisfied with the results obtained with this gun, a second 
one of larger dimensions was commenced, and is now finished. Its caliber is 
26 centimetres, or about 1014 inches. Its length is 29 calibers, and its weight 
is21tons, In the previous gun I depended for end strength upon the thick- 
ness of barrel only, but in the new one layers of longitudinal ribbons are inter- 
posed between the coils in the proportion of one longitudinal layer to four cir- 
cular layers. The longitudinals are secured to the trunnion-ring at one end, 
and to a breech-ring at the other, and are in themselves calculated as sufficient 
to resist the end strain onthe breech, independently of the strength afforded by 
the tube. The whole is encased in hoops shrunk upon the exterior of the coil, 
for the treble purpose of protection from injury, of preventing slipping in the 
event of the failure of an external strand, and of adding to the strength of the 
gun. This gun has already been tried and given results, which, in relation to 
its weight, are unexampled except by its 6-inch predecessor. Various attempts 
have also been made abroad to reduce this system to practice, and it is under- 
stood that the French are at present engaged in making experimental guns 
upon the same general principle. With regard to the ribbon form of section, 
I prefer it to a square section of equal area, as being more favorable for bend- 
ing over a cylinder ; but any rectangular form is better than round wire, on 
account of the flat bedding surfaces it affords. 


Of Sir Wm. Armstrong’s system of fabrication, his patents give 
the following description : 


The wire is of rectangular section, and it is coiled upon the tube or cylinder 
between shoulders, one at either end. The wire is secured to the shoulders at 
the commencement and at the end of each layer. For this purpose radial 
grooves are cut in the shoulders. The wire before commencing to coil is 
headed at the end, and the head is inserted into one of the radial grooves cor- 
responding in form with the head. To secure the end of the wire on the com- 
pletion of the layer, the wire, as it lies upon the cylinder, is bent or bulged out 
$0 a8 to make it enter a groove (of another form) in the shoulder. The bend- 
ing is effected by the insertion of a tapered tool between the last convolution 
of the wire and that which immediately precedes it. The groove in the shoulder 
is of such a form as to be filled by the bulge in the wire thus produced. Several 
tools may be employed in succession to force the wire home into the groove, 
and then a small filling piece is inserted into the cavity produced between the 
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two adjacent convolutions of the wire. Tapered filling pieces, Passing around 
the cylinder, are laid against the shoulder, both at the commencement and the 
ending of the coiling of each layer of wire. These filling pieces Occupy the 
spaces which would otherwise be left vacant between the coils and the shoulders, 
Over the coiled wire a jacketing tube, in one or several pieces, is applied, ang 
is made to add to the longitudinal strength of the barrel through the interyep. 
tion of a hoop fixed upon the breech end of the barrel beyond the base of the 
bore. This hoop may be notched or hooked upon the barrel in the usual ma. 
ner where end hold is to be given ; and the jacketing cylinder may be similarly 
attached to the exterior circumference of the houp, or the attachment may in 
both cases be effected by the method hereinafter described. 

Where the necessary longitudinal strength cannot be obtained without mak. 
ing the barrel of objectionable thickness, I either make up the deficiency by 
shrinking upon the barrel an additional cylinder, above which the wire coily 
are applied, or I interpose between any two layers of spiral wire, or above or 
below them all, a layer or layers of longitudinal wires or rods, which are held 
against end strain by the friction due to the pressure of the superposed material 
in tension, and where the superposed material is deficient in thickness for that 
purpose, as it generally will be towards the ends of the cylinder to which the 
longitudinal wires are applied, I head the ends of the wires and notch them 
into a hoop firmly attached to the cylinder at each end of the coil. 

An additional advantage obtained by this arrangement is that the wire may 
be put on hot and allowed to contract so as to produce a state of initial tension, 
which increases their efficiency for longitudinal support. In order tu obtain 
where needed a more effectual longitudinal connection between an enveloping 
cylinder and the barrel or cylinder it incloses than is afforded by the usual 
method of notching and hooking, I slightly reduce in diameter the end of the 
barrel or inclosed cylinder for a few inches in length, and screw the reduced 
surface, I also screw the enveloping cylinder for a similar length at the same 
end, so that when it is shrunk upon the barrel an annular cavity is left between 
the two screwed surfaces. Into this cavity I pour melted phosphor-bronze or 
other suitable metal, which is thus moulded into the form of an interlocking 
screw. 

I also effect the same object by serrating the surfaces to be held against 
slipping and interposing a thin sheet of copper. The outer cylinder, being then 
shrunk upon the copper, squeezes the copper into the serrations and so inte 
locks the two cylinders. 

Figure 1 (Plate XXXVIIL.) represents a cylinder, and figure 2, a section of 
same, showing the arrangement of the cylinder and shoulder rings, betwee 
which the wire is circumferentially wound, and the recesses for securing the 
ends of the wire with plugs, figure 1, Plate XX XIX, 

Figure 2 (Plate XXXIX.) shows in elevation and section the wire-ends 
secured by screws. 

Figure 3 (Plate XL.) is alongitudinal section through an enveloping cylinder 
of coiled wire, A, containing four layers of longitudinal wires, each marked B; 
it also shows a similar section of a portion of a lower coiled wire cylinder, © 
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CYLINDERS AS PREPARED BY ARMSTRONG TO RECEIVE WIRE. 














PLATE XXXIxX. 








Fig. 1 


ther 


Vi TTT ee: eee —- 
» - - Se 


ALA te Gee 


LS Bind waatircd by pug . Bnd 
Yi \ La WY plug. 





P 
| 
“ 
| 
j 
4 
A 
Section through A.B. Ends secured by screws. 


| PP mn |: "a 
| A = : 





. 
: / 
| Wire - og —— — - / 
SS — =————JS YY 
——— — 
Ay ley hy by ‘ —_ 
i / 
' 
B 
Scale. 
2 6 @ 1 2 3 4 5 6 7 Inches 
-" -. 





ee 








ARMSTRONG’S METHODS OF SECURING ENDS OF WIRE 


676 














PLATE XL 


SYIM SNIGNIM 


JO SGOHLIW S.SNOYULSWHYV 





WQQQQ|QW OS SANS 


Yj 


SRA 
~ . ~ 


PD DAR TDA ty - 
VY OAPT A REP og > y eae, 


“Z fag 









































IRE 











678 THE ESTABLISHMENT OF STEEL GUN FACTORIES, 


which does not contain any layers of longitudinal wires. D!, D*, and D* are 
the hoops to which the ends of the wires are made fast. The heads of the 
longitudinal wires and the circular grooves in which they are inserted are 
marked E. The cylinder on which the wire is coiled is shown at F, and the 
outer hoops or casing of the wire are marked G., 

Figure 4 is an enlarged view of one end of figure 3, and shows each sepa: 
rate wire in section. 

Figure 5 shows a side elevation or a plan of a portion of the tube or gun, 
and represents the mode of fastening the ends of the coiled wire. At the 
starting end of the coil the wire is formed into a gib of the shape shown atA 
and is inserted into a radial groove of a corresponding form in the hoop to 
which the attachment is to be made. The depth of this radial groove may be 
sufficient to receive any number of wires. In figure 4 the depth of these 
grooves is shown by dotted vertical lines at the places marked A in that figure, 
The finishing end of the coil is fastened by bending the wire sideways, as shown 
at B, figure 5, into a radial groove of corresponding form. The bending is effected 
by a series of wedge-like tools inserted one after the other, and the end is finally 
secured by a wedge or filling piece, C. DD are inclined or tapered pieces laid 
in against the hoop to fill in between the coil and the hoop on the tube or gun 

Figure 6 is a section showing the mode of fixing an outer cylinder upo 
an inner one so as to resist the tendency to slide longitudinally. AA art 
two grooved or screwed surfaces, the one on the outer and the other onthe 
inner cylinder. Between these surfaces there is an annular space, B, to be filled 
with fused phosphor-bronze or other suitable metal. ‘The fused metal becomes 
moulded into the grooves on either side and thus locks the two cylinders te 
gether. 

Figure 7 is a section showing another modification of the method of pre 
venting one cylinder sliding lengthways over another. In this case the sur 
faces of the cylinders are slightly serrated, as shown at AA, and a thin sheet 
of copper, or other compressible metal, is bent round the inner cylinder. The 
outer one is then shrunk upon the copper, which becomes imbedded in th 
serrations and so interlocks the surfaces. ‘This method may be applied either 
at the ends of the cylinders, or at any intermediate part, or over the whole 
length. 

“A 10.2-inch gun (Plate XLI.) of this manufacture has been 
purchased by the War Office and is now under trial. In ths 
gun longitudinal strength is obtained by disposing some of the 
wire lengthwise around the tube, and some very satisfactory 
experiments have been made with it. The gun weighs 21 
tons, is 25 calibers long, and the following present some of the 


particulars of the last reported firing : 


eT ee s Gibese eneeneninel pounds... 220 
WEIS GE PEOPOCIIE 2.000002 ccccsccss cecsscect cocccosss ccees do. 44 
RIND WIN eiinisa nevessines sokincens sovsnises’sesine ania aad 
PORRRRSS OE BENS Eine a cnice vscensnes. cavceseecsninte tons..... 


*Gun Foundry Board Report. 
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Colonel Crispin gave the following description of its assembling; 


The steel tube constituting the body of the gun, after being turned to the 
dimensions, is provided with the different pieces affording shoulders, between 
which the forward sections of wire are wound or laid on. These rings being 
shrunk on, and having serrations corresponding to the ones on the tube, ay 
intervening thin copper band, by its compression under shrinkage, locks them 
to the tube. 

The rear band is also similarly attached tothe tube. The tube, being then 
made ready for the reception of the wire, is properly centered in the coiling. 
lathe, and the different sections between the shoulders of the ring, except the 
rear section, have the ribbon steel applied, both circumferentially and under 
different tensions and longitudinally. 

The trunnion-ring must be next shrunk on over the wire and part of the 
adjacent rings. The winding and laying on of the rear section of ribbon com- 
pletes the wiring of the gun, at the breech twenty layers being placed around 
the body and four layers lengthwise of the bore. The different sections of 
wrought-iron hoops to complete the structure are laid on in succession and in 
turn, and the piece completed as far as the building up is concerned. 


The approximate weight of the different parts are : 





rONS. 

Tube (steel, Whitworth’s fluid-compressed)......... . ..csse ceeeee 7.28 
BE PE nicldbicbinadschins enevenees cusenbids seeensate teewaseen Geniabenl 5-93 
ERIN TRI carkceess crcescce - senssnce secnceans saenetace SeenON 7.79 
DOE va sats ckund sucedesde seccesnsn sacune 6 snares snceenbeaeesecossun see 21.00 


“ A 6-inch breech-loading gun and a 6.3-inch muzzle-loading 
howitzer manufactured by the same firm are also about tobe 
tried. In these the longitudinal strength is entirely dependent 
on the steel tube. The same firm is manufacturing several 
6-inch breech-loading guns in which the longitudinal strength 
is partially provided for by a jacket, the wire wrapping being 
only called upon to provide circumferential strength. 

The Royal Gun Factory has taken up the subject and has 
matured designs for experiment on a large scale. In its designs 
the longitudinal strength is obtained by means of steel seg- 
mental hoops placed between layers of wire. 

The following is the present state of the wire-gun question 
in England: 


Manufacture of Sir William Armstrong: 
Under trial, 10.2-inch breech-loading gun. 
To be tried, 6-inch breech-loading gun, 6. 3-inch muzzle-loading 


howitzer. 
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Manufacture of Royal Gun Factories : 
Under manufacture, 10-inch breech-loading howitzer. 
Recommended for manufacture, 15-inch breech-loading gun of 

63 tons. 

Opinions vary as to the form, size, and other characteristics 
of the wire. One authority recommends square wire for the 
first six or eight coils, gradually increasing the size of the wire 
as the coils proceed outwards. This authority states that the 
higher the elastic limit, the better, the breaking strain and the 
power of elongation being of comparatively small importance, 
and that the wire should never be strained up to its elastic limit. 
Another authority recommends a flat wire of 100 to 110 tons 
breaking strain wound on a tension of 60 tons for the inner, 
and about 70 tons for the outer, layers, the longitudinal strength 
to be provided by the inner tube of the gun and by steel seg- 
ments divided longitudinally, but, when put together, forming 
atube. Another authority states that the full benefit of wire 
cannot be obtained unless strained beyond its elastic limit. 
Another authority prefers wire of a circular section, 
being impossible to keep any other shape to gauge. For 
heavy guns he would use wire of 0.0984 section, with a break- 
ing strain of about 125 tons, and an elongation of about 2 per 
cent. This authority says that the elastic limit of the wire 
should not be passed in winding it on. He estimates that 
there would be a saving in weight of about 30 per cent on the 
breech portion of the gun, and more certainty of manufacture 
than with steel hoops.’”* 

The advantages claimed for the wire system of construction are: 


strength than is possible to get ip any other form. 

2. That each layer can be brought truly to its correct tension. 

3. Flaws of manufacture can be easily detected, and if not discov- 
ered, are confined to that part in which they exist. 

4. The parts of the gun are light and can be more certainly and 
easily produced and assembled. 

5. For their manufacture, expensive and complicated plants are not 
needed. 

On the other hand, however, increased length of guns, necessary 
for great range, and permitted by the acceptance of breech-loading 


*Gun Foundry Board Report. 














682 THE ESTABLISHMENT OF STEEL GUN FACTORIES, 


and the use of hydraulic carriages, requires a large steel-forgj 
plant for the manufacture of the interior tube and for the jacket by 
which longitudinal strength is obtained. No system of longitudinal 
winding has yet been found satisfactory, and great difficulty is sii 
experienced in providing a suitable machine for applying the wire, 

Colonel Crispin, U. S. A., in his report of 1882 on “ European Ord- 
nance and Manufactures,” has, in copies of letters-patent, described 
and given drawings of the apparatus employed by Sir Wm. Armstrong 
for that purpose. It has not proved adequate, and while the wire sys. 
tem of construction undoubtedly possesses great merit, it has not vet 
passed the experimental stage. The longitudinal strength must be 
provided for by the long steel jacket, and a perfect wire-winding 
machine is yet to be obtained. 
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be In France, as in England, the most friendly welcomes were tendered 
ng the Board at all the Government and private establishments it ex- 


pressed a desire to visit, and everything was done, that courtesy and 
attention could devise, to assist the Board in its investigations. 


“SOURCES FROM WHICH THE ARMAMENT OF FRANCE IS 
SUPPLIED. 

Previous to the Franco-German war of 1870, it was the 
custom in France to confide all matters relating to cannon to 
the artillery corps of the army and navy; aid from private 
sources was neither sought nor offered ; much secrecy was 
observed in all things relating to the business of ordnance ; 
admission to the Government foundries was obtained with 
difficulty, and the experimental ground at GAvre, with rare 
exceptions, was closed to all applicants. 

For army purposes, the gun factories at Bourges, Puteaux, 
and Tarbes supplied all demands, while for the use of the navy 
the foundries of Ruelle and of Nevers, and the gun factories 
attached to them, provided the entire armaments. 

With the advent of the war came the proof that a close 
corporation, such as was constituted by the system heretofore 
adopted, could not work to the best advantage of the country ; 
and, with the return of peace and the necessity of re-armament, 
came a revolution of ideas which has led the Government to 
modify its practice. 





It was recognized that the Government must have under its 
control some establishments purely governmental ; but that, 
in order to provide for all contingencies as well as to prevent 
official ideas from running too much in a groove, it was desir- 
able to encourage private industries, so that a spirit of emula- 
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tion might be excited by competition and a channel afforded 
through which new ideas and inventions might reach the 
national works. The adoption of this course was made the 
more imperative in consequence of the new departure in gun- 
metal, and this opened the way to the encouragement of the 
steel industries of the country. 

The plan thus decided on has been consistently carried out, 
The Government gave assurances to the private companies, 
which induced them to expend the funds necessary to erect 
new and suitable tools, both for the casting of the metal and 
the fabrication of the guns. 

The result of this action can be appreciated by reference to 
the following list of private companies which are now employed 
in providing armaments for the Government: 


STEEL MANUFACTORIES PRODUCING STEEI P TO TUBES FOR 
16-CENTIMETRI ‘ 
DOES TOT Be SiO vicncanie  cxtnande scusecineeniane + vennneens Unieux (Loire), 
ae + cienidiadaie aeipialeoaion . eeeee seeee. Rive de Gier (Loire) 
Societé des Acieries et Forges de Firminy.......... Firminy (Loire). 
Compagnie des Forges et Acicries de St. Etienne, St. Etienne, 
STEEL MANUFACTORIES PRODUCING STEEI P TO TUBES FOR 
$2-CENTIMETRI ‘ 
eS TRGNRE GE Ci iccccase u cscnceats .ccsevens weceen Le Creusot. 
RS en ee St, Chamond, 


PRIVATE COMPANII HAVING LAN O} ;UN FACTORY. 


stn .Le Creusot. 


Cail & Co 


Société des Forges et Chantiers cd Mediterranneée, Havre. 


Compagnie ¢ Fives- Lille _. eee. ives-Lille (Nord). 


Societé Anonyme de Constructions Nava 


BN rhidenii txceila sca iasnornl: Seiidaetukueeh bak meabbinain euil Havre. 
ne Tl iN EIR cdicccuene cxsics ninbandon secseceieuronen St. Chamond, 
STEEL LANUFACTORIES RODUC ‘G ARMOR- PLATES. 
Henri Schneider & Co. (forged steel)........ .cccceees Le Creusot. 
Aciérie de la Marine (compound)......... cceceseee covers St. Chamond. 


i eal ead Rive de Gier. 


Marrel Fréres (compound). 


Chatillon et Commentry (compound)......... .....66+ Montlucon. 


The compound plates are manufactured under the patent ot 
Mr. Wilson, of Charles Cammell & Co., Sheffield, England 
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d All the gun-carriages for the navy and for coast defence are 

e made at private works. 

1e The above lists illustrate the immense increase of resources 

.- that the Government has obtained by encouraging private 

ne industries, and they contribute an important historical chapter 
for the instruction of a government about to provide an arma- 

It ment for its military services. 

5, The following is the list of the government works manu- 
facturing for the army, viz. : 

nd (1.) Fonderie de Canons a Bourges, in the center of France. At 
this place, ste el guns are made of 90 millimetres, 155 millimetres, 190 

to millimetres, and 240 millimetres; also, rifled mortars of 220 millimetres, 

ed (2.) Atelier de Construction 4a Tarbes, in the Hautes Pyrenees, in 
the southwest part of France. At this place, steel guns are made of 
go millimetres, and 120 millimetres ; also, carriages for field and siege 
guns. 

(3.) Atelier de Construction de Puteaux, near Paris. At this place, 
all the steel] mountain and field guns of 80 millimetres are made; also 
siege guns of 120 millimetres, and the Hotchkiss revolving-ca n for 

" flank defence. 

(4.) Gun carriages, limbers, &c., are made at government shops at 
Vernon, Avignon, and at Angers. 

Gun-carriages are also manufactured for the army at 
private works. 

Bourges.—The gun factories of the army fabricate no guns 
above the caliber of 24 centimetres, and it is only at Bourges 
that army guns of this caliber are constructed. At the private 
establishments mentioned above, the work of fabrication has 
been carried as high as 34 centimetres, but the advantageous 

A working capacity of the factories does not extend beyond the 
24-centimetre gun.””* 

The Artillery Establishment at Bourges comprises foundry, gun 
shops, laboratory, testing rooms, and proving-ground. All are well 
equipped, and the shops are well placed and lighted. The steam- 
hammer has a tup of 4 tons. 

The parts of the guns are received from Le Creusot, St. Chamond, 
and St. Etienne, rough bored, turned, and tempered, and are machined 
and assembled here. 1300 men are actively employed. 

e The pump of the Maillard testing-machine is driven by a small 
! 


and. *Gun Foundry Board Report. 
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Gramme electric-motor, which furnishes light at night. Of th 
electric-travelling crane, Lieut.-Colonel Abbot, U.S. A., in his “ Hasty 
Notes relating to Military Engineering in Europe,” has given th 
following description : 

In one of the shops at the army gun factory at Bourges, France, we sawavyey 
interesting application of electricity which may perhaps find a place upon some 
of our special works of construction ‘n the future. 

This shop is about 300 feet from another building which contains an immeng 
engine driving many different machines, and therefore necessarily Possessing 
considerable surplus power. It was considered that through the agency of 
electricity some of this might be made available in the first-named building, for 
performing the intermittent kind of work required of a large crane. The 
engine was accordingly connected permanently with the armature of a large 
Gramme machine, the work of revolving this armature being practically mil 
except when the external circuit is closed. 

This external circuit was carried to the building in question by two large 
copper conducting wires, which were conveniently led overhead in sucha 
manner as to supply a rubbing contact at all desired parts of the shop. 

The crane was of the usual overhead pattern, travelling longitudinally o 
rails running over the bays containing the tools to be served. Convenient 
cross tracks were arranged for shunting its carriage from one bay to another, 
so that one single crane could perform work in any part of the building. Is 
lifting power was about 20 tons. Contact brushes on the carriage rubbed th 
wires, and thus extended the circuit down to a second Gramme machine su 
pended from the carriage at a convenient level near the floor. When a perm 
nent break in the circuit near this machine was closed by the operator, the 
current traversed the second Gramme, which thus became a motor, its armature 
revolving by the power of the distant engine transmitted through the agency of 
the current. 

I estimated the size of this motor armature at 12 inches in diameter by # 
inches long. Each end of its axis was extended beyond the field magnets t 
carry a leather-wrapped pulley, about 18 inches in diameter. They rubbed iron 
pulleys about 30 inches in diameter, which were connected to trains of gearing 
so arranged as to move the carriage on the tracks, or to shift the crane laterallr 
on the carriage, or to raise and lower the susp« nded weight, as desired. 

Ihe following electrical data were furnished by the officer in charge. The 
armature of the generating machine revolves about 1000 times per minute ; and 
that of the motor from 600 to 1000 times. ‘The electromotive force is about 40° 
volts and the current about 35 ampéres. The system can transmit the power a 
about 12 horses with an economic return of ,°,°;. The cost of the crane wis 
about $7000. It was made by Bon et Lustremont, 25 Rue Poissonniére, Boule: 
vard Poissonniére, Paris. It was favorably regarded, its working being ec 


nomical and convenient under the special circumstances of the case. 


Ruelle.—The foundry at Ruelle, near Angouléme, has become the 
principal if not the only establishment for the manufacture of the 
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larger calibers designed for the navy and coast. That at Nevers is no 
longer used, most of its machinery having been transferred to Ruelle. 

Three circumstances contributed to the creation of Ruelle and the 
appropriation to its present purposes: First, the hydraulic power 
that is continually supplied by the river Touvre, whose waters 
neither dry up, overflow, nor freeze. Second, the proximity of special 
ores producing iron that possesses extreme resistance to the action of 
powder. Third, the not less useful neighborhood of forests that fur- 
nish in abundance the only fuel, charcoal, considered at that time 
admissible for metallurgy. 

Whatever its origin, the river that provides Ruelle with its motive 
power has a force varying from 130 to 420 horse-power, according to 
the season. Before reaching the foundry, it contributes power to sev- 
eral paper-mills. Below the last one isa large dam, which divides the 
river into two branches, one, the discharge, passing around the works. 
Nine flood-gates, raised and lowered by means of racks and pinions, 
govern the volume of water that feeds the shops. 

About the middle of the 18th century, the Marquis of Montalem- 
bert bought a paper-mill for a perpetual annual rental of £365. Up- 
on this site he built a foundry for cast-iron. Authorized by patents of 
751, he obtained in 1752 a decree that allowed him to cut, for nine 
years, in the Bracoune forest, northeast of Ruelle, 4000 acres of wood. 

In 1755, in the summary manner of the time, the Government 
seized the foundry, and for sixteen years the Marquis could not re- 
cover his property. In 1772, his proprietorship was admitted, but he 
was ordered to lease the works to the Government for a rental of 
£20,000 per year and a bonus. Two years later, Count d’ Artois 
bought the foundries of Ruelle and Forge-Neuve for £300,000, the 
equipment and tools being valued at £60,000. In 1776, the King 
took them from Count d’Artois and gave him in exchange three for- 
ests in Champagne. The foundry was administered by a Board of 
Directors, afterwards by contractors. The fabrication at that time 
was very simple. The fuel was charcoal from the Bracoune forests. 

The cannon were cast in earthen moulds, sometimes with a core, 
and often solid. The boring-machines were the invention of the 
Marquis of Montalembert. 

But the time soon came when France was threatened by the navies 
of all Europe. Six thousand cannon were needed immediately, and 
the Committee of Public Safety proceeded to take measures to meet 
thisdemand. It divided into four departments the smelting furnaces 
and forges that could be utilized, and substituted for earth-moulds the 
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more rapid sand process. Models of machines and tools were sent tp 


the foundries, intelligent workmen were employed, and the experts 
Perrier, Haasenfratz, and Mouze published works upon the art of 
fabricating cannon. Ruelle was entirely renewed ; other foundries 
were added, two reverberating furnaces were introduced, and pe, 
boring-machines replaced the former tools. 

In 1803, the system was changed, and Ruelle absorbed the other 
departments. In 1823, reverberating furnaces were erected, which 
exist to-day. In 1840, the bronze foundry and the boring-shop at 
Rochefort were transferred to Ruelle, and in 1846 a chemical labor. 
atory was added. From this date until the present time the modif. 
cations have been continual. While complete arrangements of 
furnaces, moulds and flasks for hollow and solid casting, applianees 
for internal cooling, and the ordinary implements for shrinking and 
assembling are still retained, to-day almost the entire establishmentis 
under reconstruction to keep pace w ith the progress of manufacture 
and to meet the increasing demands for heavy steel cannon. The 
plant is scattered and consequently difficult and expensive to superin- 
tend; but with the completion of the two new shops, this objection 
will be met. And while the hydraulic motive power is still excellent, 
steam will be employed. 

“At the ‘ Fonderie 4 Ruelle’ all the constructive force of 
the marine artillery has beex concentrated, and here all the 
largest guns are made. It contains the most remarkable co- 
lection of tools of the age. They are designed for guns of 4 
centimetres and upwards, and have a capacity for handling 
guns of 160 tons in weight and 60 feet in length. The shopm 
which these tools are placed is about 450 feet in length and 

31 feet in width, having a height of 85 feet at the central 
peak of the roof. At one end is the tubage* pit, in which the 
gun tube is placed upright to receive the hoops. The bottom 
of this pit is at a depth of 85 feet below the floor. It is exe 
vated in a rectangular form and is divided into four stores, 
contracting in area as the lower level is reached ; at each story 
or landing place, the opening can be floored over to accomme 
date the work of hooping any length of tube. The heating 
furnaces are on the first story below the floor. The tods 
already in place are the following, but there is room for fullya 
dozen more of similar character : 


* Shrinking. 








PLATE XLII. 








100-TON HYDRAULIC CRANE NEAR RUELLE. 
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Two turning lathes, capable of turning guns 15 metres long. These 
can be increased in length 10 metres. 

Three boring machines for same, 

One rifling machine for same. 

Two smaller boring machines with adjustable connections for turning. 

Two other machines for performing all the details of the work about 
the breech, for receiving the fermeture, turning the screw, slotting, 
piercing holes, &c. 


Two movable cranes ; one of 100 tons, the other of 30 tons capacity, 


The contractors for these tools were Varall, Elwell & Mid- 
dleton, Paris. The plant has cost millions of francs, and five 
years elapsed from the giving of the order to the setting up of 
the tools. A large portion of the time charged to the manu- 
facture must be credited to the preparation of designs, no tools 
of their size and great capacity having been before conceived.’’* 

The 100-ton hydraulic crane (Plate XLII.), for the transfer of heavy 
guns to barges, was constructed at Fives-Lille in 1882, at which place 
the railway truck in use here was also made. The latter has a capa- 
city of 120 tons, and is similar in construction to that (page 723) 
manufactured by Schneider and Company at Le Creusot. 

“ Taking the above notice of the works at Ruelle in connec- 
tion with what has been stated on the subject of private indus- 
tries, it will be seen how well all the requirements are provided 
for a joint production of cannon by the Government and pri- 
vate parties. The latter assist up to a point justifying on their 
part a reasonable outlay of money for a plant, and the Govern- 
ment, though working in this common field as well, yet re- 
serves to itself all the more onerous charges involved in the 
manufacture of the heaviest ordnance. 

It seems as if in France the happy mean has been reached 
by which the Government and the private industries can work 


harmoniously towards the accomplishment of a national object. 


In a combined system of this kind, it is very important to 
be assured that there exist mutual checks which act to prevent 
the one party imposing improper or hard terms on the other. 
The board is not without evidence of the existence of these 
salutary checks in France. 

A short time since, the Government deemed it necessary to 
increase its armament by 300 additional guns, and decided 





* Gun Foundry Board Report. 
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that certain additional tests should be required of the met 
for the tubes. When the provisions of the proposed contrag 
were made known to the steel manufacturers, they resisted the 
requirements as being too hard, and insisted on the acceptance 
of such steel as had been previously supplied ; but to this the 
Government would not accede. Finding them determined jn 
their resistance, the Government made inquiries abroad as to 
the possibility of securing the metal it required, and, finding 
that a foreign manufacturer would undertake the contract, 
promise was given to him that he should receive the order, 
The steel manufacturers of France, hearing that the order was 
likely to be given to a foreign firm, endeavored to arousea 
national feeling on the subject to constrain the Government to 
make the purchase in France, but to no effect; and they 
finally proposed to accept the government proposition. But 
the minister had already given his word to the foreign mam. 
facturer and the contract was lost to France. In this instance, 
both parties, the Government and the private companies, 
acted within their independent rights, but neither could compd 
the other. This exhibition of effective counterpoise is a good 
proof of a happy adjustment of forces. 


CONDITION OF STEEL MANUFACTURE. 


Since the termination of the Franco-German war of 1870, 
and in the course of the re-armament of the country, the Gor 
ernment has given every encouragement to private industries 
to justify them in incurring the expense of establishing plants 
at various points to assist in the construction of guns; and by 
embarking largely in the fabrication of sfee/ cannon it has 
given a great impetus to the manufacture of this important 
material. The numerous works that can produce metal suit 
able for tubes and hoops for field-pieces have been mentioned. 
These establishments have made a study of the subject of gut 
metal, and, so far as their facilities for forging reach, can all 
supply the demands that the country can make upon them.” 


Works of Marrell Brothers.— Besides the manufacture of compound 
armor plates at Couzon (a few minutes’ rail ride from Rive-de-Gier) 
under the Wilson patents and with Siemens furnaces, the steel works 
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of Marrell Brothers at Rive-de-Gier are well equipped for the 
manufacture of steel shafting, large machinery, and gun tubes up to 
17 centimetres caliber. There are four steam-hammers with tups 
of from 10 to 25 tons; all are double-acting and have a stroke of 8 
feet. The gun-tubes are of open-hearth steel, tempered in oil; after 
tempering, they are bored to the close dimensions required by the 
French contracts, in many instances to ress of a millimetre of the 
finished size. 

“ For tubes and hoops, however, for large guns, requiring 
massive forgings, the supply is limited to the works of the 
‘Compagnie de l’Aciérie de la Marine’ at St. Chamond, and 
to those of H. Schneider & Co., at Le Creusot, the former 
having a steam-hammer of 80 tons, and the latter, one of 100 
tons weight. 

There are some establishments, notably at St. Etienne, 
where crucible steel of a high order is manufactured for pur- 
poses of trade, but no effort is made to utilize it for gun 
purposes.”’* 

St. Chamond.—At this immense establishment, called “‘ La Com- 
pagnie des Hauts-Fourneaux, Forges et Aciérie de la Marine et des 
Chemins de fer 4 St. Chamond,” with its capital of twenty millions of 
francs, the shops are very extensive, and contain excellent tools. 
Some very fine turnir-.athes in use were manufactured by Jouffrey 
at Vienne, France ne forge contains three large hammers of 10, 
35, and 80-ton tups. ae largest was constructed at the works ata cost 
variously estimated from one to two millions of francs; it is double- 
acting, with a stroke of 18 feet ; steam is not usedabove. The foun- 
dation is rock covered with wood and 800 tons of iron castings, the 
largest of which weighed 130 tons. 

“ The cast steel used for cannon in France is manufactured 
by the Open-Hearth process with Siemens furnaces. This 
process is combined with the rotating-hearth of M. Pernot at St. 
Chamond, where three 25-ton and two 12-ton Pernot furnaces 
give a capacity for casting an ingot of 100 tons.””* 

M. Pernot, who has charge of them, rendered the operation of pud- 
dling very much easier by the invention of his rotary furnace. 

Lieutenant Chase has described it as 

Composed of a stationary part comprising the fire-place, the laboratory cham- 
ber, and the flue, and the movable part comprising the laboratory A, page 692, 
and its support E. 


* Gun Foundry Board Report. 
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The laboratory is a circular tub A, the bottom of which is a stout iron plate 
B, and the walls, segments of cast-iron, These are joined to the bottom 
bolts and keys C, and stiffened at the top by an iron band D. Below the bt 
tom of the tubis fixed a slightly conical cogged cap, by the aid of which th 
laboratory may be given a rotary motion around an axis inclined 6 @7 





degrees from the vertical. 

The sole is formed as usual, but is spread to a greater height against the wilt 
and at the center of the tub, to give an annular form to the bottom oft 
laboratory. 

Between the walls of the movable tub and its roof, there is a joint,the 
thickness of which, reduced as much as possible, sometimes reaches fiftes 
inches, in consequence of movements which cannot be prevented in mast 
heated as much as the walls of a puddling furnace. This joint enforces tH 
employment of a blast to feed the grate. 

The rotation of the laboratory, without completely doing away with the m> 
bling, renders it less laborious. It effects it so long as the charge is liquid} 
but when it becomes pasty, and as the velocity of rotation, which does 
exceed three revolutions per minute, is not sufficient by itself to insure prope 
stirring, the movement of the oven contributes very much to diminish the lat 
of the workman, who has only to place his puddling-bar on the bottom andr 
it against the side of the working door, In this way all parts of the bathom® 
in contact with the bar, and the rotation replaces the rapid movements to and 
fro which the puddler must give his bar in the ordinary furnace. 
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Besides the relief to the puddler, the production is largely increase 
by the aid of additional furnace chariots, which can be run out 
prepared while the others are in use. 
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The works have a capacity for making the heaviest products that 
the period will probably demand. 


“The ingots cast here for the 42-centimetre 75-ton guns are 
of 75 tons weight; the tube, after rough-boring and turning, 
weighs about 35 tons. 

The tempering-pit is a large excavation 15 metres deep. At 
one extremity is the furnace where the tube is placed erect and 
heated. At the other is a cylindrical excavation, reaching to 
15 metres below the floor of the pit, where is placed the tank 
containing 100 tons of colza oil into which the tube when 
heated is lowered rapidly. 

Le Creusot.—The most important steel works in France 
are situated at Le Creusot and bear the name of the location 
in which they are situated. These works have advanced year 
by year in importance and in magnitude since their purchase 
by Mr. Eugene Schneider. 

This gentleman’s death, in 1875, was a source of mourning 
to the whole town, the inhabitants of which looked up to him 
asa father. ihe grateful people have erected to his memory 
a monument in the market square. 

Under the administration of his son, Mr. Henry Schneider, 
the fame of the products of the works has been enhanced, and 
the proportions of the establishment have been much in- 
creased. The whole number of workmen now employed here 
and at other points amounts to 15,000; and it is the great 
center of industry of the adjoining region. At no other place 
in the world is steel handled in such masses, and it is safe to 
say that no proposed work can be of such magnitude as to 
exceed the resources of the establishment.”* 








It comprises (Plate X LIII.), coal mines, smelting furnaces, foundries, 
forges, steel works, and construction shops. It is the chief city in 
the district of Autun, and is 400 kilometres south-east of Paris. 
Advantageously situated in the center of France, at an altitude of 380 
metres, closely connected by rail with the Burgundy and Bourbon 
districts, united by a private railway to the Central Canal, which is 
about 10 kilometres distant, and which gives easy access to the Loire, 
Sabne, and Rhéne,—Le Creusot, by its rail and water ways, is in com- 


munication with the sea and the Mediterranean, and with all parts of 


France, 





*Gun Foundry Board Report. 
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Its history dates from 1782, when, under the name La Charhgp. 
niére, its industry was the evtraction of coal. Under the patronage 
of Louis XVI., a cannon foundry was established, which was success. 
ful for several years. In 1784, Queen Marie Antoinette founded , 
crystal manufactory, which continued in operation until 1832, During 
the revolution of 1815, cannon and projectiles were cast at Le Creusot 
Successive reverses marked the first period of the existence of the 
establishment. In 1818, the Messrs. Chagot bought it for goo, 
francs, but were forced to cede it, in 1826, to the Manby-Wilson Com 
pany, who bought five-sixteenths of the property for a million frangs 
They made extensive changes, which caused their failure in 1833, 
and the property returned to Messrs. Chagot and others. Finally 
in 1836 it was sold to Messrs. Schneider Brothers and Company fr 
2,680,000 francs. From this epoch dates the prosperity that ha 
made the works the finest establishment of its kind in the world. 

The first locomotive built in France was made at Le Creusot i 
1838, and from 1839 to 1842, in addition to locomotives for the rai- 
ways from St. Germain to Versailles, and from Saint-Etienne 
Roanne, Messrs. Schneider furnished steamboats for the Sadéne ani 
Rhéne. In 1842, M. Bourdon, chief engineer of the works, com 
menced the construction of the first steam-hammer in France, and is 
completion added a new and most important factor to the already 
well-equipped forge. 

In 1845, M. Adolphe Schneider was thrown from his horse ani 
killed. Mr. Eugene Schneider was thus left sole head, and the firms 
name was changed to Schneider and Company. 

In 1855, during the war of the Crimea, great demands were mait 
of Creusot, but they were so well met that in seven months ther 
were furnished 17 engines of 150 horse-power for gunboats and float 
ing batteries; 4 engines of 650 horse-power for ships-of-the-lin; 
and 4 engines of 800 horse-power for frigates were commenttl 
From 1856 to 1862, immense additions were made, and though i 
commercial treaties of 1860 opened all the French ports to foreg 
competition and the situation was critical, the forge was entifey 
reconstructed on a new site, and the railways were extended. A lag 
brick-vard was also established at Perreuil, on the banks of the 
Canal. The number of smelting furnaces was increased. The@ 
ferent departments were connected by telegraph, which greatly facil 
tated the work. 

In 1867, Le Creusot presented to the public the first methodial 
and rational classification of cast and wrought-iron in qualities suitable 
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for all purposes. About this time the steel industry appeared, and 
the Siemens-Martin process was introduced. The Bessemer soon 
followed, accompanied by the fabrication of steel rails and soft steel 
for the construction of ships, as well as material for cannon. Creusot 
has contributed largely to the development and improvement of gun 
steel. In 1873, the fabrication of steel tires was undertaken ; and, for 
the manufacture of shafts for large marine engines and of the parts 
of guns of enormous weight, the 80-ton hammer was erected in 1876 
and completed in 1877. With this hammer were forged the armor 
plates that were so successful at Spezia, and in 1878, plates weighing 
6s tons, and cast ingots of 120 tons were produced at this wonderful 
establishment. The acquisition of the Pernot rotary-furnace has in- 
creased the open-hearth products and reduced the labor of the 
puddler; and the introduction of the Basic process has enabled them 
to utilize any inferior ores that their mines discharged. The offices 
and principal workshops are lighted by electricity, permitting the 
operations to be as easily performed at night as by day. 

Under the administration of Messrs. Schneider and Company, 
besides the immense establishment proper, at Le Creusot (Plate 
XLIIL.), we find to-day the following annexes: 

Ship-yard and bridge construction shops at Chalon-sur-Sa6ne 
(Sadne-et-Loire). 

Brick-yard at Perreuil (Sadne-et-Loire). 

Coal mines of Montchanin and Longpendu (Saéne-et-Loire). 

Coal mines of Decize (Niévre). 

Coal mines of Montaud (Loire). 

Coal mines of Beaubrun (Loire). 

Coal mines of Brassoc (Puy-de-Déme). 

Iron mines of Mazenay (Sadne-et-Loire), 

Iron mines of Allevard (Isére). 

Iron mines of Savoie (Savoie). 

This vast installation covers 2857 acres, 1048 of which are actually 
occupied by buildings and works of various descriptions. The 
eflective working force comprises 15,500 men, distributed as follows 
in the different departments : 


Ironmines, . » 2,000 Forges, . . ‘ . 2,700 
Coalmines, . . . 5,000 Construction shops, . 2,800 
Smelting furnaces, . . 700 Railway and other serv- 

Steelworks, . . 800 ices, . : ' . 1,500 





Total, . : ‘ ‘ : : . . 15,500 
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In 1880-1881, to meet the production, there were consumed: 
621,000 tons of coal, 
200,000 tons of coke, 
517,000 tons of ore, 
3,600,000 cubic metres of water, 
2,800,000 cubic metres of gas. 
The working capacity of the establishment was : 
700,000 tons of coal, 
200,000 tons of pig iron, 
160,000 tons of wrought-iron and steel, 
30,000 tons of constructed material, 
represented by metallic bridges, river steamers, marine and stationary 
engines, locomotives, iron and steel rails, wrought-iron and steel for 
all regular commercial purposes, armor-plates, cannon, and gun- 
carriages. 

There are thirteen sme/ting furnaces (Plate X LIII.), several covered 
with brick ; but the more recently constructed have metallic covers of 
the Scotch type. They are conveniently fed from a platform 3§ feet 
high and 550 yards long. The powerful blowing engines are arranged 
in three groups: The first comprises three horizontal engines of high 
speed ; the second, four vertical direct-acting engines of 200 horse- 
power each ; the third, two vertical engines of 250 horse-power each, 
with the air-cylinder above the steam. The draft is produced by two 
chimneys, one of brick, 246 feet high, the other of iron, 278 feet high. 

The coke employed for fuel is all made at the works from bitumin- 
ous coal, found in the basin of the Loire, mixed with the anthracite of 
Creusot. The crushing machines are of the system Bérard and Carr. 
The carbonization is effected in 190 Belgian and 13 Appolt ovens of 
18 compartments each, and the daily production is about 520 tons of 
a very dense and glutinous coke. It contains very little sulphur, 
which explains, in part, the excellence of the Creusot irons. 

The steel works (Plate XLIII.) are represented by three groups 
of Bessemer converters, seven Siemens furnaces, and two Pernot 
rotary-furnaces. The cranes and engines of the Bessemer plant art 
actuated by hydraulic power under an accumulated pressure of 20 at 
mospheres, maintained by two engines of 40 horse-power each. Two 
engines, developing 2000 horse-power, provide the blast. 

“ The capacity for casting steel is represented by seven oper 
hearth furnaces of 18 tons each, equal to 126 tons; and the 
process of casting large ingots is a model of order and security. 
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PLATE XLIV. 
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PLAN OF HEAVY STEAM FORGING PLANT, LE CREUSOT. 
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Ladles capable of holding the contents of one furnace, mounted 
upon platform cars, are successively filled at a previously de- 
termined interval of time and run on railways to a convenient 
position over the mould; before the first ladle is exhausted, 
the supply from the succeeding one has commenced to run, 
and so on to the completion of the casting, the supply to the 
mould being uninterrupted during the entire process. The 
precision with which the several ladles are brought into posi- 
tion in succession makes it entirely unnecessary to provide a 
common reservoir into which all the furnaces may discharge. 
By this process, the casting of a 45-ton ingot, which was wit- 
nessed by the Board, was effected in 23 minutes. 

Perhaps the most striking feature at Le Creusot is the forge 
(Plate XLIV.), where is assembled an array of steam-hammers 
not equalled in the world, viz. : 

One 100-ton hammer with a fall of 5 metres. 

One 40-ton hammer with a fall of 3 metres. 

One 15-ton hammer with a fall of 3 metres. 

Two 10-ton hammers with a fall of 2} metres. 

One 8-ton hammer with a fall of 24 metres.” * 


As before stated, this great forge was commenced in 1862, when it 
was found that the one in use, although very large, was not equal to 
the demand. 

The new buildings (Plate X LIII.) are situated near the steel works, 
and cover a surface of 30 acres. They extend over a distance of 
more than 550 yards, and comprise steam and hand forges, with their 
accessories, puddling furnaces, a central court for a convenient ar- 
rangement of railway communication, and huge rolls that shape the 
heated ingots into any required forms. 

The bays that contain these rolls are 330 yards long and 100 
yards wide. On the right is placed a long file of reverberatory fur- 
maces. In the center there are 20 rolls run by 15 engines of over 
6000 horse-power. The fly-wheel of one of these engines is 33 feet 
indiameter and weighs nearly 60 tons. The enormous quantity of 
steam required for these shops is furnished by vertical boilers, and is 
generated by the surplus heat from the reverberating furnaces. The 
feservoir that feeds them and further supplies the forge, has a capa- 
aty of 300,000 cubic metres. 


*Gun Foundry Board Report. 
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Tire-rolling and bending-machines are suitably placed for the work 
required of them. 

The roof of these buildings is metallic, but no trouble has ensued 
from the contraction and expansion, as predicted by some. 

In addition to the installation of steam-hammers, represented in 
Plate XLIII., in the bays on each side of the central building there 
are other smaller ones. Plate XLIV. shows the plan accepted by the 
Messrs. Schneider for their heavy steam-forging plant. HH are the 
hammers, FF the furnaces, and CC the cranes. It has proved a 
most convenient system. 

The following description of the 80-ton hammer and its accessories, 
furnished by Mr. Schneider, and translated from the “ Annales Indus. 
trielles” of Paris, was published in the London “Zngineer,” of May 
10, 1878: 


Messrs. Schneider & Co, have recently erected a hammer, nominally of 80 tons, 
but one, the power of which is hardly measured by that weight. Messrs. Schnei- 
der commenced to design a hammer of 60 tons ; but the evident future require- 
ments of greater power caused them to decide in favor of increasing it to 8 
tons. 

The hammer is not alone to be considered ; for its service, furnaces are nec- 
essary to heat the immense pieces, to manipulate which, cranes and wagons are 
required, to say nothing of the innumerable appliances also rendered necessary, 
and all of which render the establishment of such a plant one of serious 
difficulty and cost, The largest hammer hitherto at Creusot was 28 tons, 
and in leaping to the construction of one of 80 tons, they met with diffi- 
culties not encountered at Essen, Perm, or Woolwich. The work of a hammer 
depends on the value of impact force, which is difficult of exact measurement, 
but may be sufficiently approximated to enable one to proceed from, say, the 
construction of a 30-ton hammer to one of 50 tons, that is, from the known to 
the unknown, with a sufficient amount of certainty ; but this can hardly be said 
with reference to a leap to 80 tons, The difficulties attending these operations 
have, however, been overcome by Messrs. Schneider. 

The building, which is entirely metallic, is a prolongation of the large forge 
or smithy in which the largest forgings have hitherto been made. In the near 
future it is intended to extend this building in order that the high part now 
erected may stand in the center between two large shops of less altitude, and 
thus the architectural balance will be restored to the elevation. The new 
building is som. in length, 35m. in width, and 17m. under the foot of the 
rafters. A foot-bridge supported on the girders forming the rising-pieces 
serves to support two 20-ton crabs, which command the hammer for repaits. 
The 80-ton hammer occupies the center of the building (Plate XLIV.), and is 
served by four splendid cranes C, one placed near each corner, one capable 
of lifting 160 tons, and the others, each 100 tons. The four furnaces F are 
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placed at an angle with the center line of the shop, in order to facilitate the hand- 
ling of the ingots to and from the furnace by the cranes. A railway of 1.44m.- 
gauge runs through the center of the building, and is provided with the neces- 
sary crossings and points to enable trucks to approach cranes, furnaces, and 
hammer. 

The Aammer may be said to consist principally of four parts, the foundation or 
substructure, the main supports S (Plate XLV.), forming the guides and cylin- 
der supports with the entablature E on which the cylinder rests, the cylinder C 
with its valves, and the tup T and rod R. The foundations consist of a mass 
of masonry in cement, resting on the rock K, 11m. below the ground surface ; 
an anvil-block of cast-iron, resting upon a mass of oak O, designed to absorb, 
by its elasticity, as much as possible the vibration due to the shock, which 
would otherwise be injuriously transmitted to considerable distances. The 
masonry comprises a mass of 600 cubic metres, the upper part being covered 
with the bed of oak planks to a thickness of about 1tm., on which the anvil 
rests. At the Perm and other works, it has been found more convenient to 
cast the anvil-block in its place rather than make it in pieces, the anvil at Perm 
weighing about 600 tons, Messrs. Schneider consider that there are serious ob- 
jections to these anvils so cast in one piece, and therefore determined to make 
theirs in six horizontal layers, the whole weighing 720 tons, and each layer A, 
being in two parts, except the top one, on which the anvil itself rests. This 
top layer B is in one piece, and weighs 120 tons. The block is 5.6m. in height; 
the area of the base is 33 square metres, and at the top 7 square metres, the 
space round it being filled in with oak. The anvil-block is entirely indepen- 
dent of the main supports S of the hammer. The latter, it will be seen, incline 
towards each other, and rest at the base on massive bed-plates P, to which 
they are keyed, and which rest upon the masonry surrounding the anvil. Each 
support is in two pieces, cast hollow, and of rectangular section, 

The guides are cast separately, and fixed to the supports as shown by bolts, 
and the supports themselves are firmly connected by the wrought-iron plates 
seen in Plate XLV. The height of the supports is 10.25 metres, and their 
weight with the guides is 250 tons. The wrought-iron plates above referred to 
weigh 25 tons, and the cast plates upon which the supports rest weigh go tons. 
The assemblage of the supports and parts connected has been found by the 
experience gained since the hammer has been at work to possess great rigidity. 
The entablature E, on the top of the supports, weighs 30 tons, and the cylinder 
C, which it supports, is made in two lengths, each 2.5 metres in height, bolted 
together at the center. The distribution of the steam is effected by two single 
equilibrated valves. The diameter of the cylinder is 1.9 metres, giving an 
area of 27,345 square centimetres, deducting the area of the piston-rod, which 
is 36 square centimetres. This area, with a pressure of 5 atmospheres, gives a 
total pressure on the piston of 140 tons. As the weight of the parts to be put 
in motion is 80 tons, it will be seen that this pressure is sufficient to lift this 
very rapidly, and in the down stroke enormously to augment the effect of the 
blow by the weight itself. The stroke of the piston is 5 metres ; this, multiplied 
by 80,000 kilogrammes, the weight of the falling mass, gives 400,000 kilogram- 
Metres of useful work. 
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The width between the supports is 7.5 metres, and the free height under 
the lower connecting plates, 3.2 metres. There is thus plenty of room for the 
manipulation of the enormous blocks with which the hammer will have to deal, 
The height of the hammer from the foundation-plate to the top of the cylinder 
is 18.6 metres, and adding the height of the anvil-block, 5.6 metres, and that 
of the masonry supporting it to this, the total height of this giant structure js 
nearly 30 metres. This great height is, of course, an objection, as it tends to 





reduce the stability of the hammer, but the whole has been so well propor- 
tioned, and the cushion beneath the anvil-block is so efficient, that perfect 
rigidity has been secured, and the vibratory effect of the shock at a given 
distance is less severe than with the smaller hammers. The valves are 
operated by means of rods and levers brought down to within the reach of an 
attendant standing upon the platform D, fixed at about three metres above the 
ground surface, and upon which he is protected from the scorching heat of the 
forging. 

The cranes are of the same type but of different powers, three of them being 
capable of sustaining 100 tons and one of sustaining 160tons. They are of the 
revolving-post crane class, and are very much like the 8o0-ton crane erected at 
Woolwich dockyard by Messrs. Rennie. The post P (Plate XLVI.), and gibG 
are formed in one bent-plate girder, supported by a foot-step, F, and revolving 
in a ring of friction rollers near the ground surface, and carried by a casting 
firmly fixed to the masonry well, and tied to the foundation-plates of the ham- 
mer. As all the cranes are thus fixed and tied to the hammer bed-plates, the 
strains due to each are largely balanced, and this assemblage of the whole 
secures great rigidity. From the pivot to the head, each crane is 17.4 metres in 
height, the height from the footstep to the ground level being 8.4 metres, and 
from the ground to the head, 9 metres. Each crane is capable of fout move- 
ments by means of the small attached double steam-cylinder engines, E, which 
when running at 250 revolutions per minute, develop about 60 horse-power. The 
four movements are: (1) Swinging, (2) Lifting, (3) Traversing, (4) Rotating 
the load. The first three motions are nothing special ; they are given by means 





of worm, bevel, and spur-wheels. The load is ‘suspended from an immense 
bridle, B, the sling-chain running over a large sheave S. The lifting-chain C 
passes over a series of wheels arranged to permit the third motion, and is 
wound upon a helically-grooved barrel H. The third motion is effected by 
means of a pitch chain. The fourth motion is one of novel application, but 
one which is absolutely essential in handling large masses. It is that by which 
the piece being forged is turned over and round upon the anvil, and by its 
means a 100-ton forging will be turned with facility, while a forging of a 
few tons at present requires a small army of men for its manipulation. The 
movement of rotation is, it will be seen, effected by means of a telescopic shaft 
connected to the engine and to the sheave referred to by means of universal 
joints, J, known in this country (England) as Hook’s joints, and on the Conti- 
nent as Cardan’s joints, by means of which the shaft may follow the vertical 
movement of the load, its length altering in accordance with the motion of 
translation by means of its telescopic form. The weight of each of the 100-toa 
cranes is 110,000 kilogrammes, and of the 160-ton crane, 140,000 kilogrammes 
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The operator stands on a platform D in front of the engine, where he has com- 
mand of all the levers, by which he carries out the orders of the smith. The steam 
required by the hammer and by the cranes is provided by a battery of eight 
steel boilers of the Lancashire type, which also provide steam for the other 
hammers and for the engine driving a rolling-mill. 

The furnaces F (Plate XLVII.), in which the masses of metal to be dealt with 
are heated, are of the Siemens regenerative class. The fire occupies a space 
of 7.8m. by 3.6m. by 1o.m. in height. The interior dimensions of the fur- 
pace are 4.3m. by 3.4m. by 2.6m. in height under the arch A. The entrance 
for the introduction of the ingot or forging is 3.5 metres in length, and 2.3 in 
height, the door D, by which it is closed, being operated by means of the hy- 
draulic-cylinder C actuating the chains V. The gas generators which furnish 
the gas for these four furnaces, as well as for a tire-mill and forge, are thirty- 
six in number, forming a battery of nine groups of four generators, situated at 
some distance from the shop. 

The establishment of such plant is followed by the requirement of a 
train of secondary but of very important apparatus. For instance, it is 
necessary to provide special trucks to transport the ingots or forgings. 
Certain forgings in steel, such as guns, have to be submitted to other opera- 
tions, to be turned, stacked away, &c., to facilitate which, it became necessary 
to erect a powerful 100-tou traveling crane running on rails 11 metres apart, 
and laid close up to the hammer. 

The whole of this plant necessary for the production of large masses, from 
the casting of the ingot to the last operations at the forge, has caused an out- 
lay of about 3,000,000 francs, or about £120,000. Though this is a very large 
sum, it will at least place Creusot far above the competitors of France or any 
other country for a long time, and the conception and realization by construc- 
tion of so grand a plant reflects the greatest honor and credit upon Messrs. 
Schneider and their engineers. 


PRINCIPAL DIMENSIONS IN DETAIL. 
The hammer: 


Weight of the moving masS......... s.ccssess sooseeees seeeees eatente soenes 80,000 kil. 


Dimensions of the parts above the ground level: 
$ 


Length of full stroke............0.. cesses seoees Risiiineiees dninininiiatiniacanteceen 5.000 m. 
EL It STRIDE cersen cnupsteih nesasuenntutins aiiinivenninieiininidnaines 1,900 m, 
Pressure of steam........cece.seee eubemewiin Gili paabinaantabadeiees 5 kilos. 

Total pressure under the piston........... b 2.¢seeee encens seeseeseecen oncese 140,000 kil, 
Beameoter of admission-valve...... 2.0.0. cccoccccce cocces cocoee sscees coveee 0.340 m, 
SVG GUNMRIOOI UNICO cscs cssssnen eonsntinns statin tetedbuieiaseanie 0.460 m, 
a NOOO 5... cans dances aiid daeaanbe taunt adeishins 0.360 m. 
Clear width between the tup-guides......... 0.1.0. sesessese seses seeees 1.900 m. 
Clear width between supports......... scccssees seseeeees ossece.eucese cosee ° 7.500 m. 
Clear height under bracing-plates, ......... ccsssecs sesessees eevee coneee 3-200 m, 
EE LLL LLL AOL - 12,600 m 


EE GD COUPONS .ecnsstn axcnceuniseunnd snsounteubencites eacacuue ensone 6.000 m, 
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Height of supports...... ecccccces eesee S00 coves coccecees cecneeese encces vecees 10.250 m, 
PERE. GE CRIIIOR ccccce. cccccccee ccccceces pebebnihn tepneeeed deetdewne enniinmtite 6.000 m., 


Height of cylinder from bed-plate to the summit of the cylinder 18.600 m, 


Dimensions of the parts below the ground level: 


Height of anvil-block........ © cecccccce cocces cocecs eoeceoecs covceecce cocceeeee 5-600 m, 
BE SE EE, BIRD coccie cocces cccsccess coccecese os peecess netbes Septet 33 Sq. m, 
ee Ge RONNIE BOD cescccnce cnreseess nnn censenees seesees 6 esoneseet coe 7 $q. m. 
Number of horizontal layers in anvil-block...... 0.0.0. ..s0 ceeeeeees 6 
Number of pieces in each layer (except the top or anvil, which 
Se) = dete epbiemans tadenacntieaiinetiniinn ueniiene 2 
Thickness of masonry between rock and anvil-block .............. 4.000 m. 


Weight of the superstructure: 














Pesten-7od, tup, ANG All MOVING PATtS....0< c000ce coccccces secessees cosoes 80,000 kil. 
UII chciichiaginunbinh Rhahenauhinenens: ebindinded Giedninss gensauene deetes nebeubensoen 22,000 kil, 
ING nesinnensdeads. pebiiatek cimesbens tsqncensseaeerevenes scceseece ebvecseee 30,000 kil, 
I SD UNION aiid enonsinits Sinise sbuies hedéuiben Sptene's cetesiden-conies 250,000 kil, 
SITTIN «ic cicts dabinbhe sestes andeded onkseuene epndbeiek Gedeie-s-c0es evecte 25,000 kil. 
ONE GE IN concccas cnccntets scnest cnnnes s500seess cocnes enctes g0,000 kil. 
ree SUUOUNU GO CD MRC IIR cicccssts ccc ts cesses cccces settee vecnes 33,000 kil. 

Total weight of all above ground...... ...... ....seeee sesseees 530,000 kil. 

SE CT Te ccescusnune a cates 400kd eniteasiccnasunens ceveuiete pees 750,000 kil. 

Oe WIRE GE CO CUCU oe once cc cccc eee ccesecess ccccsesecees 1,280,000 kil. 


Cranes—Principal dimensions : 


Three cranes, capable of sustaining............ ....ce.e+ cesses sooseeees 100,000 kil. 
eNO CHUM, CHRD GE CUUORIRIINT 20.000. acces coscee coccce concse coces eeses 160,000 kil. 
Rene CUIMINOG WF CREM CERIO occccs cccscs cocces 6 csnces cosces escoccere 9.350 m. 
Height between ground and rails carrying carriage.......... 000 g.000 m. 
Height between ground and footstep. ...... ....0. secceesee evens conse vee 8.400 m. 
Re PR rcncccsse accoenees cocesecess anetahiibies siielaigtiathin detinasiil Sees Laren se 17.400 m. 
Se ek Nee UNIO racine <teneaner'copencnes os. cénnes endabeues vecone eeenenses 60-horse. 
Diameter of cylinder of each engine.........c.ceoe secees coeeccese soveee 0.260 m. 
SI lisndeinied Ghihhhbe:mibehidiet dibtbhind ebketnit seerkinns senekeene ehecssgeaNnneh 0.300 m. 
BREE GE TOGRNEIORR POE WERWIR cece c0ccde cccces coccce cocses seonseces 250 
Cranes— Weight: 

i I a a cece se cin gibceieib Abiinsel einauibiindl . 110,000 kil. 
Wn IN INI «as ancien eneisad oboteban boneasinenl 140,000 kil. 


Furnaces—Exterior part: 


Length over all 7.800 m. 


COREE EEE COREE EEE COREE EEE CHEE Ee CHEE EE EET EEE HEED SHEE HEED SHEE ED 


i: lillie iid oie inpistsin eashaniiens Cuabiibinlen gabe Seenaneadewenad si 3-600 m. 
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Furnaces—Interior part: 





Letgth....0- sseeeceveceses soreeeees ceenes e ceeees senees seeeen senses seseee ceeeeeens 4.300 
Width ....00002 socecscsceseccccscess cocccccs cocee. coccccese eoeceeess see cece cece ees 3-400 
Height... ....ss00e seevesseseeesese cessseses ven e sesessees onsees senses teeees aneeer one 2.600 
Furnaces—Entrance 
Length....cccre secoee secvee sscceeseceeee occcces coccee ences coccee cnnsee soneee soeees 3-500 
BReIght.2.0000 cecccceces coccccces 0 coscce coscee cocses cocne 200 soccecess eosves socecsees 2.300 
The building —Principal dimensions : 
Length....cccce s.ccccces soccceces  cvcses covcee cocececss soocenecs seseee cveses sosees 50.00 
PMB ccccee coccce cocces cvesccees coscccess cosccnese soccccncs eoceseces cesees cosveeces 35-00 
Height below the springing of the rafters,........ sccesceeeee cee coon 17.00 
Belght Below the ridge....... ..cccc cocccs covcee coccce cocves covces soccee cecces 25.50 
Beene Below the lantern. .....coccce.c cvvcce sosecoees eocecsers coccee cosceceee 28.30 m. 


Note.—Kilogramme = 2.20461bs. Metre = 3 ft., 3.37 inches. Kilogramme- 
tre force required to lift 1 kilogramme to the height of 1 metre. 


Although the moving mass weighed but 80 tons, a pressure of 
140,000 kilogrammes was developed under the piston-rod, and this 
remarkable tool has been worked nearly every day without an acci- 
dent. 

It being generally accepted, however, that the blow of the stri- 
king mass, actuated by steam pressure through the length of its stroke, 
is not so effective as the pressure of a heavier tup, forging the ingot 
by its falling weight, and that the former interferes with the molecu- 
lar flow of the heated metal, Mr. Schneider decided to increase the 
weight of the tup to 100 tons. 

To do this, the weight of the striking mass C, page 704, figures 
I, 2, was increased by adding the block B, figure 2, one metre in 
height, of the same section as the portion C, and weighing 20,000 
kilogrammes. In order to retain the same length of stroke, two 
rectangular pieces A, each one metre long, were inserted between the 
upper ends of the supports, or jambs, and the entablature. Figures 1, 2 
represent the original and enlarged hammers. The power gained is 
about one-fourth, and the present effective working force, without the 
steam pressure above, is represented by the height of fall, 5 metres, 
multiplied by the 100,000 kilogrammes of the mass, which equals 
500,000 kilogrammetres, or about 1640 foot-tons. 

When the immense building was constructed for the forge, the 
question of enlarging the hammer was considered, and sufficient space 
was allowed for a reasonable increase of height ; consequently, when 
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SCHNEIDER'S 100-TON STEAM HAMMER AT LE CREUSOT. 


the change was made, no alterations to the covering and its supports 
were necessary. 

The 100-ton hammer has worked as easily and satisfactorily as the 
80-ton, and France possesses in her great works of Henri Schneider 
and Company, Le Creusot, the most effective steam-hammer in the 
world. 

Of the many useful cranes about the establishment, the most re- 
markable and handy was the Schneider Portable Steam-Crane 
(Plate XLVIII.) 


LEGEND. 
I NINN ici de nemees anbmianndeuenenente 7 tons. 
IID SID IT TD cinkdes stadunnebeckunnies onseeqnen exsnte 8 metres. 
EEN IIIT I sninconnndneh sunsesane eebenagne seniannds 3 metres. 
EE SUEDE GEE NEE a, cnncicas evcntendes enececcte gnccensts g square metres. 
Ee: RUIN SPENT ss ccscnnsee csccccees  eetcsess ciuceseut 9 kilogrammes. 
WHORE GE CERRO is ccccesece sccces ccccconee ceiiiviaien wituicle shat 19,500 kilogrammes. 


It has five independent movements : 


1. Lengthening and shortening of the jib. 
2. Lateral movement of the jib. 
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SCHNEIDER’S PORTABLE STEAM CRANE. 


















































FRANCE. 705 


3 Lifting. 
4. Motion of translation. 
5 Brake to govern the load raised. 























Distances included between the load and the axis 3 metres 8 metres 
of the crane’s pivot. Minimum, Maximum. 
—E—EE—————— — _——— ——— | 
| Longitudinally | 10,000 kilos. | 3,500 kilos. 
| Crane clamped to 
the rail. 
Weights Laterally 6,500 “ | 2,300 “ 
the crane a a 
will lift. | Longitudinally | 7,000 “ | 2,500 “ 
| Crane unclamped. = i 
Laterally 4,500 ‘ 1,600 * 
' 








These are the weights that the crane will lift when clamped to the 
rail, under good conditions. If these are surpassed, there are risks 
of tearing up the rail or upsetting the crane. 

The Construction Shops (Plate XLIII.) are 1640 feet long with an 
average width of 490 feet, and contain iron and bronze furnaces, hand 
forges, brasiery, steam and other mechanical cranes; hydraulic 
riveters and presses; 27 small steam-hammers for forging parts of 
moderate size suitable for marine engines, locomotives, stearaboats, 
etc, and parts of cannon of small calibers; departments for boring, 
turning, planing, adjusting, and assembling ; all fitted with powerful 
tools, kept up by additions and modifications to the most recent pro- 
gress in each particular industry, and economizing labor, increasing 
production and educating the workmen to that precision which France 
demands of her mechanics. 

These shops also include sections set apart for the fabrication of 
cannon, and where the forged parts are machined and assembled. 
They contain excellent turning, boring, rifling, and finishing lathes 
capable of fabricating guns from the mountain-piece of 200 pounds to 
the naval monster of 100 tons, and from a yard in length to 50 feet. 

One of the most important annexes of Le Creusot is the Shif-yvard 
and Construction Shop of Chalon-sur-Saéne, where are built bridges, 
caissons, beams, frames, hulls of ships, barges, dredging-machines, 
material for railways and river steamers, in addition to a large pro- 
duction of iron and steel for other commercial purposes. Many gun- 
carriages are also manufactured here. 

Among the famous structures that have been produced here are 
the Viaduct of Fribourg, the bridge at Brest, the large bridges across 
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the Danube at Vienne and Luiz, the drawbridge of Missiessy at 
Toulon, and the magnificent arched bridge at El Cinca in Spain, 

As an indispensable complement of a manufactory of armor-plates 
and guns, Le Creusot possesses a proving-ground where her artillery 
products are tested. This polygon, a short distance from the works, 
is connected with them by rail and telegraph, and is well equipped 
with earthworks, casemates, magazine, gun-platforms, targets, and 
ballistic instruments, 

The principal raz/way is situated between the forge and the steel- 
works. From this, branches radiate in all directions. There are 
also special lines connecting the works with the Central Canal and the 
Mazenay mines, and branches that join its private roads to those of 
the State. The rolling-stock includes 17 locomotives of from 25 to 
38 tons, and 700 cars of different types, of from 10 to 100 tons capac- 
ity, fitted to meet the various requirements of the different depart- 
ments. 

The continual development of the workshops and their tools was 
but a part of the immense task that the Messrs. Schneider undertook. 
To utilize properly this vast plant, they needed an efficient personnel. 
The district could not provide this, for, in 1837, Le Creusot was a 
neglected village of only 3000 souls. 

As the workmen had to be brought from a distance, it was neces- 
sary so to establish and provide for them that all commercial and 
political crises could be met. Aided by the people whom they have 
educated and for whom they have so well cared, Messrs. Schneider 
have been enabled to meet every emergency without Government or 
private aid, and the little hamlet of Creusot has been transformed into 
a populous center of 30,000 contented people. From its population 
the working force is supplied. 

At first, the administrators erected houses and rented them to the 
workmen at moderate rates ; but by degrees this system was given 
up and the employees were permitted to own their homes, meeting 
the payments by a reserve of wages. In 1851, there were 30 such 
homes and two large barracks for lodgers. These barracks have since 
given way, one to the new site of the steel-works, the other to the 
workmen’s village of Villedieu, composed of some 2000 houses, rented 
for 5 per cent of their value, with the privilege of purchase. They 
are well built, ventilated, and lighted, situated upon spacious streets 
and surrounded by promenades and parks. 

To meet the demand, the water from the neighboring hills and the 
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condensed supply from the shops were collected in reservoirs. The 
constantly increasing consumption, augmented by the requirements 
of the new forge, was met by leading the waters of Saint Sernin and 
the turned Rinscon by pipes, a distance of 14 miles. 

The oi/ amps have long since given place to an excellent system 
of gas-lighting. 

Each employee receives gratuitous medical attendance for himself 
and family, besides pecuniary aid in cases of necessity. The first 
hospital, proving too small, was replaced by another, excellently 
adapted to the needs. Its staff is composed of several physicians anc 
surgeons, who, aided by sisters of charity, attend to all the wants of 
the sick. 

At first, these expenses were met by a small levy upon the wages 
of the workmen, but they are now paid by the company. 

Recognizing the effect of education, discipline, and religious asso- 
ciation, excellent schools and churches have been provided in different 
parts of the town, and intelligent teachers have been selected. 
Though education, in one sense, is not obligatory, it becomes so in 
another, because no one is received at the works who cannot read and 
write. To give additional encouragement, each year the most 
advanced pupils are presented for admission to the School of Arts 
and Trades at Aix. 

The power and prestige of the system of education at Le Creusot, 
and the influence it has had upon the development of the works, are 
prominent among the other most excellent characteristics of this 
great establishment. The wages, the rates of which are always in- 
creasing according to length of service, can produce no irritation. 
In addition to his daily pay, each operator is rewarded for the 
amount and excellence of his labor, and a record of it is published for 
the examination by all; nowhere else can there be found more intelli- 
gent and skilful workmen, or an element freer from artisan strife or 
trade quarrels. 

By the system to which Messrs. Schneider have given so much 
attention, and for which they have expended such vast sums of 
money, there has been established at Le Creusot a class of intelligent 
people who comprehend the responsibility of success, and appreciate 
the provisions made for their comfort and happiness ; and with great 
pride they aid the work to the utmost of their ability. 

“ The manufacture of steel armor-plates is a specialty of Le 
Creusot, which is engaged in an active competition with the 
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manufacturers of compound-armor. Plates up to 60 centi- 
metres in thickness and 3 metres wide are forged here.”* 
Lieut.-Colonel Abbot has described in the following words the 
operations : 


All these armor-plates are forged by the too-ton hammer, the largest in the 
world, The ingot we saw treated (75 tons) had been heating about forty hours, 
We were informed that it would be reduced in thickness from 1.4 metres to 0.55 
metre by about a dozen successive hammerings, requiring ten days in all. The 
area of the face of the tup was about 6’X1.5’=9 square feet; its weight was 
roo tons; and its fall was 5 metres, or less as desired. The porter bar for 
moving the ingot was a massive iron beam about a square foot in cross section, 
It served both to direct and to counterpoise the ingot, the hold of the crane 
being adjusted to effect the latter object. To prevent the vibration from 
breaking this huge porter bar, it had been warmed by suspending fires under it, 

When the crane took the weight, a crowd of men with bars, engaged in square 
nuts slipping on the beam, directed the white hot ingot under the hammer so 
that the blow would fall on one side, and near the sinking-head end. Aftera 
few preliminary aims the blow fell, then another harder, and then a couple 
from the full height. The concussions were tremendous, and an indentation 
about 6 inches deep, and the full size of the head was made about two-thirds 
across the plate. The latter was then drawn back, and a similar dent was 
made by the side of the first. This operation was repeated until the forging 
extended to the end of the ingot. The remaining third was next treated in the 
same manner, reducing the whole to a uniform thickness of about 4 feet. The 
end showed two slight bulges, the lines of greatest extension being abouta 
foot above the bottom, and a foot below the top. The action of the hammer 
evidently extended to the middle of the mass, but not quite so effectually as at 
points nearer the seat of the blow. The spectacle of this forging was grand 
beyond words, especially as seen at night by its own light. 


“ The plates are tempered after forging, but what subsequent 
treatment they receive was not explained. 

The tempering-pit for the plates consists of an excavation of 
convenient size, in the center of which is placed a tank contain- 
ing 180 tons of oil. At the four corners of the pit are furnaces 
in which the plates are raised to a proper temperature. When 
sufficiently heated,a plate is seized by a walking-crane and im- 
mersed in the oil.” * 

The rivalry between the advocates of “all-steel” and “ compound- 
armor” has been greatly heightened by experiment and by the strong 
opinions of the italian Minister of Marine; and though these last 
were pronounced in favor of the steel-faced English plate, the follow- 


* Gun Foundry Board Report. 
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ing correspondence and the tests of the armor for the Furieux, 
pages 712, 713, indicate that the Schneider plate has not yet been 

ualled in the two great requisites for naval use, “ protective power, 
with the least possible weight.” 


Le CrEusOT, FRANCE, Nov. 26, 188 3. 


Sin: We have seen your personal letter of the 6th instant to M. Simon, in 
which you ask if it is true that we declined (see page 622) the programme of 
tests that the Italian Navy adopted, after the Spezia trials in November, 1882, 
and which we enclose. 

In reply to your question, we have the honor to inform you that we have had 
no occasion to decline this or any other test, for, since the trials of November, 
1882, the Italian Navy has not addressed a word to us on the subject. Far 
from having refused this test, we have on the contrary voluntarily submitted to 
the Italian Navy a programme of trials justified by our complete success at 
Spezia, and the confidence we have in the strength of our plates. 

To dispel all misunderstanding on this point, we think we cannot do better 
than to send you, herewith, a copy of our letter of March 5, 1883, to His Excel- 
lency, the Italian Minister of Marine, which contained our proposition. 

As you have stated, after such a proposition, we could have had no motive 
for refusing the new programme adopted by the Italian Navy, if it had been 
proposed to us. 

Besides (as Lieut. Very properly stated in his interesting work) at the time 
of the Spezia trials in November, 1882, the contracts for the plates of the 
Italia were already made, so that ‘these trials could have no immediate effect 
as far as we were concerned and could only serve to establish new conditions 
of acceptance in case the Italian Navy were required to make new contracts, or 
desired new trials. 

Neither of these cases took place, and, consequently, we have not had to re- 
sume the consideration of this question with the Italian Navy. The only con- 
clusion to be drawn from these trials is, in short, the following: The Italian 
Navy has recognized that the compound plates could not stand tests like those 
of Spezia, and although these tests were those that the contracts required of 
the manufacturers, the Italian Navy has modified them for the reception of the 
test of the Italia’s contract. 

It is in conformity with this new programme, as you no doubt know, that in 
September last the tests for the receipt of the supply of armor for the Italia 
were made at Spezia on two compound plates of English manufacture. The 
two plates were badly broken, and it appears from our information, that after a 
single shot the plates were more ruined than ours were at Spezia after two 
shots, 

We think that this information will interest you, and hasten to give it to you 
however incomplete it may be... ... . 

Our letter to the Italian Minister of Marine is not confidential; on the con- 
Mary, we shall be much pleased if you will make its contents known to the 
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U. S. Navy Department, as well as to the Commission (Gun Foundry Board} 
that visited us. 
Allow me to remain, your most obedient servant, 


SCHNEIDER, 
Lieutenant W. H. Jaques, Newark, N. 7. 


[Copy.] 
PARIS, Alarch 5s 1883, 
SIR :-—From an extract in the Asvista Marittima, and an article in the Jtalie 
Militare, of February 24, we have learned some conditions of tests which will 
satisfy the Firing Board of the Royal Navy and the Naval Superior Counc 
for the reception of the plates destined for the armor of the Italia. 
According to the /talia Militare, the Naval Superior Council believed that 
‘*the compound plates which would stand victoriously this test would protect 
the Italia, at least, as effectually as the Schneider plate last tried at Spezia.” 
If this is indeed the opinion of the Council, we regret that this high author 
ity was declared without calling upon us to submit the highest tests that ex. 
perience would allow us to accept. 
We believe, therefore, it will be agreeable to your Excellency and useful t 
your administration to inform you in this letter of these conditions. 
Iam, Sir, respectfully yours, 
SCHNEIDER ET CIE 
To His Excellency, Vice-Admiral Acron, Minister of Marine, Rome. 
PROGRAMME OF TESTS FOR THE RECEPTION OF COMPOUND PLATES FOR THE 
ITALIA. PROPOSED BY THE PERMANENT COMMITTEE ON WAR MATERIAL 
AND ADOPTED BY THE ITALIAN MINISTER OF MARINE. EXTRACT FROMA 
REPORT OF THIS COMMITTEE PUBLISHED IN THE Avvista Marittima oF 
FEBRUARY, 1883. : 
The Committee is of the opinion that for the compound plates intended for 
the Italia, the following tests are established : 
ist. The plate selected for the firing test shall be secured to a wooden back: 
ing of about 8o-cent. thickness in a way the manufacturer shall think most 
suitable. 
2d. The plate shall receive in the center a Gregorini chilled shot, fired from 
the 45-cent. (100-ton) Armstrong rifled cannon (M. L. R.), with a force equal t 
that required to penetrate an iron plate of 25 per cent greater thickness. The 


projectile energy shall be determined by the well-known Muggiano formula. 


3d. The shot must not go through the plate at this blow, and, notwithstand- 
ing the cracks that may | produced, no piece must be detached from the 
backing 
TesTs THAT MEssRS. SCHNEIDER & CO. WOULD ACCEPT FOR THE RECEPTION 
OF ARMOR-PLATES ORDERED BY THE ITALIAN ROYAL NAVY. 


1st. The plate selected for the trials shall be about the same dimensions # 
those tried at Muggiano, in November, 1882; may be either flat or curved; 
shall be secured and held to a wooden target of the same kind, in a way most { 


suitable to Messrs. Schneider & Co. 
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2d. The plate shall receive at the apexes of an equilateral triangle of 1.25m. 
side, placed in the center of the plate with one side horizontal, three rounds 
with a service Gregorini chilled shot fired from the (45-cent. A. R. C.) 100-ton 
Armstrong rifle with energies —for the first round, with a force required to pene- 
’ 
with a force required to penetrate an iron plate of 25 per cent greater thick- 
ness. The projectile energy of each blow shall be determined by the well 


trate an iron plate of the same thickness; for the second and third rounds 


known Muggiano formula. 

3. None of the shots must go through the target, and notwithstanding the 
cracks that the first two rounds may produce, no piece must be detached to 
expose the backing. After the third round, projections of pieces of the plate 
may partially expose the backing. 

[Signed] SCHNEIDER & CO. 


TESTS OF ARMOR-PLATES FOR THE FURIEUX. 


The plate tested July 13, 1883, at the French proving-ground at 
Gavre, was manufactured at Le Creusot in the usual manner. It was 
3001 metres long, 2.319 metres wide, and from 411 to 459 mm. thick, 
and weighed 23 tons, 9 cwt. It was secured by 20 bolts, according 
to the Schneider system, to a wooden target of the form required by 
the Gavre Committee. 

Three shots were fired from a 32-cm., model 1870, Navy B. L. R., 
at the apexes of an equilateral triangle, whose base was horizontal 
and 800 mm. long. The projectiles were chilled shot, weighing 345 
kilos. 

The first and second shots struck the plate at points 423 mm. thick, 
with a velocity of 431.7 metres, page 712. The third shot struck 
the plate at a point 439 mm. thick with a velocity of 442.6 metres, 
page 713. 

The projectiles were broken up, all the bolts remained intact, no 
portion of the plate fell from the backing, and the tests as proposed, 
pages 710, 711, were more than met. 

“Hoops for cannon are manufactured here in large quanti- 
ties. They are cut from solid ingots, and those for guns up to 
24 centimetres are rolled like railway tires; those for larger 
calibers are forged on a mandrel.” * 

The following extracts from the report on metallurgy at the Paris 
Exhibition of 1878, and from the Revue d’Artillerie describe the 
manner of fabrication : 


Fabrication of Frettes (Hoops).—By casting the steel in moulds of suitable 
dimensions, solid cylinders are obtained, which are flattened into disks undera 


* Gun Foundry Board Report. 
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THIRD SHOT. 


hammer. While still warm, they are placed under a second hammer whose face 
is terminated by a mandrel, so placed as to punch in the center a cylindrical 
hole. In this state the frettes are subjected to various rollings (in machines 
such as are used for rolling steel tires) so as to gradually enlarge the interior 
diameter and diminish their thickness. 

Ordinarily, the frettes are rough drawn and finished in the rolling machine ; 
but sometimes only the roughing is done in the machine and the frettes finished 
underthe hammer. During this last operation, they are mounted upon an iron 


mandrel attached to the anvil. 
> * * * * * * * * 


Ingots for tires are often cast in an octagonal shape as if for rails; in other 
shops, in order to avoid the seams, they are cast in moulds which give them a 
round flat shape. 

In every case, when the ingot has reached a suitable temperature, it is flat- 
tened under a hammer, and it is then rounded, if possible, so that after 
the first heat it may be in the shape of a circular disk, of a thickness vary- 
ing with the height of the oziginal ingot, and the work to which the steel may 
be subjected in a singie heat. This disk is carried to the re-heating furnace, 
and when it has acquired a suitable heat, it is flattened under the steam-ham- 
mer to the required thickness, and prepared for the operation of punching the 
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This operation is performed in two ways. In some shops the hole is pierced 
in the disks by means of a conical punch attached to the face of the steam. 
hammer, the disks being turned three or four times, an operation to be carefully 
performed, in order to assure the centering of the hole, and to avoid the forma. 
tion of cracks. 

In other works, the hole is made with steel punches from 5.9 to 7.87 inches 
diameter, forced in under the hammer. The metal is upset by the operation, 
and a hole is obtained from four-tenths to eight-tenths inch greater in diameter 
than that of the punch. 

This method causes a loss of material, but has the advantage over the others 
of straining the metal less, and permits a nearer approximation to the required 
weight of the ring. As a fact, ingots cannot be cast with great exactness, and 
there are always slight differences ; but by weighing the ingot before the hole 
is made, the weight of the piece to be punched out (and consequently the 
diameter of the punch itself) can be determined, which will bring the ring to 
the required weight. 

The ring so obtained is at once placed upon the beak of an anvil, under a 
steam-hammer, so inclined that not alone will the ring be enlarged, but will be 
given on one side a conical form, approaching that it will ultimately receive. 

The ring is thus drawn out up to half of the finished diameter, being tufned 
on the anvil by means of a lever, and then removed to another hammer to be 
flattened exactly to the required thickness. The ring is then allowed to cool, 
and little irregularities corrected with the hammer and chisel. The ring is 
then rough-finished in two heats. 

Rolling.—The rings are then placed in the re-heating furnace, and when 
they have acquired a suitable temperature, transferred to the rolling machine, 
Two classes of these machines are in use—those with horizontal and those 
with vertical cylinders. The former are the more simple in construction, but 
they do not make the tires sufficiently symmetrical, and it is afterward neces- 
sary to mandrel, an operation which is apt to affect injuriously the quality of the 
steel. With certain of the machines with vertical cylinders, it is possible to 
produce tires which are absolutely round. 

* * * * * * * * * 

“Jackets of large size are also manufactured; these are 
made from solid ingots, which, after being forged, are bored 
out. 

At Le Creusot, a remarkable test of hoops was witnessed 
which exemplifies not only the excellence of the manufacture 
of the steel but also the exacting character of the French re- 
quirements. The hoops for naval guns are made with the in- 
terior surface slightly conical. When forged, turned, and 
brought under a hammer, a standard mandrel of steel, conically 
shaped to suit the form of the cone in the hoop, but of a slightly 
increased diameter, is introduced, the smaller end of the 
mandrel being able to enter the larger end of the hoop. The 
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mandrel is then forced in by the hammer until its lower edge 
has passed through the hoop. The blows are then made to 
operate on the upper edge, detaching it from the mandrel. 
Careful measurements are taken of the diameter of the hoop 
before and after this test, and it is required that the measure- 
ment subsequent to the operation shall show that the hoop has 
partially, but not entirely, returned to the diameter that it had 
before the entrance of the mandrel. This would show that 
there is left to the metal a small margin within its elastic limit. 
A system of manufacture which can comply with such a refine- 
ment of exactitude must be very precise. 
The process of tempering the gun-tubes was also witnessed 
by the Board. The excavation of the pit is, as at St. Chamond, 
15 metres deep, with the furnace at one end and the oil tank 
(100 tons) at the other. One side of the upright furnace is 
constructed in the form of a door, which, by a convenient ar- 
rangement for swinging, is made to turn onits hinges. Thus, 
when the tube is raised to the right temperature, it is seized by 
the travelling-crane, the door of the furnace swung open, and 
the tube at once advanced to the tank in which it is immersed. 
All tubes are immersed in oil the second time, but at a tem- 
perature much below that to which they are raised at the first 
immersion. This process constitutes the annealing after tem- 
pering. 
For the preparation of metal for cannon and armor-plates 
Le Creusot is thoroughly equipped. The iron is produced on 
the premises from the purest imported ores, and the manu- 
facture of the steel is carried on by the most approved appli- 
cation of the open-hearth system with the Siemens furnace ; 
the chemical and mechanical tests are such as to satisfy the 
most exacting demands of careful Government officials, and 
the executive ability apparent in all the departments and 
the evident condition of discipline that pervades the whole 
establishment inspire confidence in the productions of the 
labor.” * 
Of the apparatus used for testing, the principal machine is that 
manufactured by Schneider & Co. on the system of Colonel Maillard. 
The machine and its accessories (Plates XLIX., L.) comprise the 
following : 


*Gun Foundry Board Report. 
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I'he pump or compressor A, figure 3 (Plate XLIX.), connected with the machine 
proper, figures 1, 2, by the pipes P; the hydraulic cylinder B; the pressure. 
receiver C, mounted on a movable head D ; a fixed head F, made in one with 
the cast-iron frame L, which supports all the parts; a Galy-Cazalat manometer 
(Plate L.); a cathetometer N, figure 2 (Plate XLIX.), furnished with a micro. 
meter and two telescopes O, resting upon a support independent of the machine; 
and two Bourdon metallic gauges, which serve as additional indicators of the 
working of the mercurial manometer and the machine itself. 

The pump, figure 3, is composed of a vertical barrel a, whose hollow piston 
é, supported by guides, has an interior thread to receive the screwe. A rotary 
motion is given to ¢c by bevel gears and a revolving crank d@. It is evident that 
with each revolution, the piston advances a distance equal to the width and 
pitch of the screw, forcing the water slowly, continuously, and regularly, The 
pump is connected with the hydraulic press of the machine by a copper pipe P, 

The cylinder B, figures 1, 2, is fitted with trunnions M, so arranged that the 
cylinder oscillates around an axis perpendicular to that of the machine, pass- 
ing through the test-piece. The trunnions rest upon bearings, which are part 
of the iron frame L. The piston ¢ is connected with one extremity of the test- 
piece f, by the rod R, fitted with riveting clamps d, for this purpose. The 
other extemity of the test-piece is attached by similar clamps d to the pressure- 
receiver. 

This receiver is composed of the coupling-link m, to which the test-piece/ 
is attached; a piston 4; the receiver properz; a rubber washer 4; anda 
metallic ring / secured to the receiver by bolts, keeping the rubber washer in 
place and serving as a piston-guide. 

The strap m and the receiver ¢ oscillate around two axes perpendicular to 
each other, so that the direction of the force exerted upon the test-piece coin 
cides always with the axis of the latter. For this purpose, the receiver is 
fitted with the trunnions T, by means of which it is mounted upon a fixed sup- 
port of the frame L. The strap m oscillates around the trunnions 4, at the 
extremity of the piston 4. The interior of the receiver is filled with water, 
and by a copper tube is in communication with the manometer. 

The movable head D, which slides upon the support L and carries the frame 
of the receiver, is actuated by the screw H tufning in the support F. By this 
means the receiver is moved to accommodate itself to test-pieces of different 
lengths. 

The Galy-Cazalat manometer is a mercurial gauge, whose trough or cistern 
A (Plate L.) is filled with mercury, and is in communication, by a pipe P, 
with a glass manometric tube T: The cistern is covered witha cap terminating 
in a small tube fitted with flanges on which is bolted another small tube B, 
fitted with a stuffing-box for the connection of a pipe leading to the receiver of 
the machine. A membrane D, of sheet rubber, rests upon the surface of the 
mercury. On this membrane there is a piston E terminating in a rod that 


forms a smaller piston F, working in the tube of the cap. Between this and 


the tube B there is another membrane G, also of sheet rubber. 
By this arrangement, which prevents leakage, the pressure of the manome 
tric column acting upon the surface of the piston E, and the pressure from the 
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PLATE XLIX. 
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receiver acting upon the piston F, are inversely proportional to their surfaces, 
The zero of the manometric column corresponds to the level of the mem. 
brane D. 

To use the machine, the test-piece is put in place, as already indicated, and 
the pump is started. The water enters the cylinder B, figure 1 (Plate XLIX,), in 
front of the piston ¢, forcing it in the direction of the arrow. The test-piece 


receives a force that is transmitted to the receiver and thence integrally to the 
manometer. The object of the receiver is to transmit this force in its entirety, 
Being filled with water, which is incompressible, the pressure is transferred to 
the manometer without loss or change. ‘The indicated manometric pressure is 
therefore equal to the tension of the test-piece. 


Equation of Equilibrium. 

SS... . surface of the large piston. 

p.... pressure per unit of surface upon it. 

t . surface of the small piston. 

g ..+.. pressure per unit of surface upon it. 

a... . number of cubic decimetres in the manometric column, 
13.6 kilogrammes = the weight of a cubic decimetre of mercury. 
e T ... . surface of the receiver. 
| P ..... Total tension of the test-piece. 

The total pressure on the large piston will be AS. 

The total pressure on the small piston will be g/. 

The equation of equilibrium between the weight of the manometric 
column and the pressure coming from the machine will be 





; gt= ps; 
but, p =x X 13.6 kilos ; 
k consequently, g/— X 13.6 X S, 
i from which, g =” X 13.6 X : . 
; The pressure g transmitted to the liquid in the receiver, which has a 
) : surface T, gives a total pressure of gT, which is, of course, equal to 
; the total tension P of the test-piece. Consequently, 
" a TS 
4 =gT =n X 13.6 X = 
i) The section of large piston being so much greater than that of the 
; manometric column, the movements of the large piston are slight. 
: Those of the small piston are still more feeble, for the section of the 
receiver is so much larger than that of the small piston. Under these 
conditions, the membranes work very well. 
. By the employment of the manometer, all the conditions of test are 
i} easily followed, and the indications are continuous. When the test- 


piece is extended, its transverse section diminishes, and an equilibrium 
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is automatically established between the tension of the test-piece and 
the weight of the manometric column, the height of this column 
indicating the amount of tension. It therefore has a great advantage 
over the lever-machines, where the equilibrium has to be maintained 
by continually shifting the weights. 

‘With the Maillard machine, the limit of elasticity is measured 
by the rise of the manometric column, and is deduced from an 
analysis of the particular circumstances produced during the elonga- 
tions of the test-piece. For example, the stretching of a soft steel 
test-piece may be divided into four periods. 

During the first, the mercury rises in the manometer rapidly ; the 
elongations are very small, and sensibly proportional to the force that 
produces them. They are entirely elastic ; that is, when the stretching 
power is removed, the test-piece returns to its original conditions. 

During the second period, the mercury suddenly changes its 
velocity ; it continues to rise, but slowly and with decreasing velocity. 
The elongations are greater than during the first period, are largely 
permanent, and increase more rapidly than the extending force. 
When this ceases, a very small part of the elongation disappears. 
The total extension is composed of the elasticity and the permanent 
set. The force corresponding to the stoppage or sudden change of 
the velocity of the mercury, without producing permanent set, 
represents the limit of elasticity. The elastic extensions produced by 
the forces beyond the limit of elasticity are proportional to them 
during the greater part of this period. 

During the third, the mercury remains stationary and the test-piece 
extends under a constant force. 

During the fourth period, the mercury descends, then falls suddenly. 
The test-piece stretches more and more, under the increasing force, 
itssection diminishing very rapidly. It is drawn out and finally breaks. 

The transverse sections vary at the same time as the longitudinal 
dimensions, and inversely. During the first and second periods, the 
test-piece remains practically cylindrical or prismatic, but in the third, 
and especially in the fourth, the variations in form are produced 
chiefly in a certain zone A, called a spindle, from the shape that the 
test-piece assumes. 
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All the conditions of test can be represented by a curve that ind. 
cates the elongations during the operation of stretching. 





——=————— 


o x 








CURVE OF ELONGATION. 

The abscissas represent the forces brought to bear upon the origi- 
nal section, that is, the quotient resulting from the division of the 
number of kilogrammes, representing the total forces, by the number 
of units of surface in the original section. 

The elongations, taken as ordinates, are also relative to the unit of 
length, usually 100 millimetres. 

The concave part of the curve, thus constructed, is always in the 
direction of the axis of Y, that of the elongations. 

In the case of the soft steel, under consideration, the following are 
the principal points of the curve: 

1st. The point A, corresponding to the limit of elasticity L. The 
part OA is a right line passing through the origin of the co-ordinates 
and inclined to the axis OY at an angle, of which the trigonometric 


= aoe , 
tangent is —, 2 being the elongation corresponding to L. The ex- 
pression — = E is the coefficient of elasticity. 
2d. The point B, which is determined by the maximum force and 


the least elongation produced by it. 
3d. The point C, which corresponds to the greatest elongation 
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produced by the maximum force. The part BC is a right line, 
llel to the axis OY. 

4th. The point D, which corresponds to the rupture of the soft 
material. It is determined by the force producing the rupture and 
the corresponding elongations. 

With the Maillard, the four points just mentioned can be noted 
immediately ; but with the lever-machine, all the successive exten- 
sions must be measured, the curve traced, and the points then de- 
duced from it. 

To measure the progression of the elongations, a cathetometer N, 
figure 2 (Plate XLIX.), is employed. It consists of a carriage sliding 
in a socket parallel to the test-piece. The carriage is fitted with a 
micrometric slide and two telescopes O. 

The test-piece being in place, the operators set the telescopes at 
marks upon it, the distance between which is indicated by a gradu- 
ated scale. During the stretching, one observer follows his mark, 
moving the carriage with an adjusting screw. The other keeps his 
telescope on his mark by means of a micrometric screw. The grad- 
uations show, at any moment, the distance between the two tele- 
scopes, or the extension of that portion of the test-piece between the 
two marks. 

The telescopes are fitted with cross-hairs, which, with the vernier, 
are lighted by butterfly burners or small mirrors. ~ 

As the telescopes are sometimes very close together, One of them 
is fitted with prisms for side observation. 

One expert observer is sufficient for the two telescopes. With 
this reduction, the number of observers required are one or two at the 
pump (one is sufficient when it is worked by steam or electricity), 
me to observe the elongations, and another to watch the dynamo- 
metric apparatus and register the results. 

The apparatus is carried, as before stated, on a cast-iron pedestal, 
facing the machine and opposite the test-piece. 

One great advantage of this system of testing-machine is that the 
manometer can be directly adjusted. This operation is performed, as 
shown in the following figure (page 722), by removing the movable 
tube (Shown in Plate L.) and substituting another, H, that serves as a 
guide for the cylinder B, terminating at each end in a knife-edge. 
One of these edges, F, rests upon the piston P. On the other, E, a 
bar, C, is balanced, supporting at each end a scale, S, upon which 
weights, W, are placed. 
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ADJUSTMENT OF MANOMETER. 


By varying the weights, the graduation of the manometric column 
is obtained, and a scale made that is independent of the variations of 
the diameter of the tube that contains the mercury. This adjust. 
ment, necessary in order to mark the scale upon the board to which 
the tube is secured, should be repeated from time to time. 

In the preceding description, particular attention has been given to 
elongation tests. But the machine is equally suitable for tests of 
compression, bending, and penetration. All that is needed for these 
tests are special arrangements for attaching the sample piece to the 
cylinder-rod R (Plate XLIX.), and to the strap m of the receiver C. 

The machine, with its accessories, is constructed for a maximum 
force of 60,000 kilogrammes, all that is required for ordinary prac 
tical tests. 

Its advantages are : 

Exactitude of tests. 

Ease with which the different conditions of test may be noted, 
such as measurement of the limit of elasticity, and the determination 
of the principal points of the curve. 

Easy adjustment of the dynamometric material. 

Rapidity with which the tests can be made. 

A simple arrangement of all the parts renders them easy of access 
for inspection and adjustment. 

The solidity of the frame absorbs the vibrations. 

Its application to compression, bending, and penetration tests. 


















































120-TON WAGON-TRUCK | 





PLATE LL 












































RUCK AT TURIN GUN FOUNDRY, ITALY.—MANUFACTURED BY S$ 
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AT TURIN GUN FOUNDRY, ITALY.—MANUFACTURED BY SCHNEIDER & CO., LE CREUSOT. 
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These machinesare in use at the cannon factory at Bourges (France), 
the cannon factory at Trubia (Spain), the naval arsenal at Castella- 
mare (Italy), and the royal arsenal at Woolwich (England). 

For the transportation of very heavy guns by rail, Messrs. Schneider 
& Co. designed and constructed for the administration of the Turin 
Cannon Foundry a truck of new design and unusual capacity. 

It consists (Plate LI.) of a wrought-iron bridge or platform, rest- 
ing its extremities upon two bogies, each having six axles. The 
platform is attached to the bogies by two pintles, which, in transmit- 
ting shocks and the propelling force, allow the truck freely to follow 
curves of different radii. 

The platform rests by means of friction runners, on circular arch- 
pieces, attached to the sole-bars of the bogies. The runners are so 
arranged that the platform can make a slight movement in the verti- 
cal plane, following the grade along the road. The platform is suf- 
ficiently elastic, even when empty, to bend transversely to meet in- 
equalities of the road. 

The passage of the bogies around curves of small radius is facili- 
tated by giving a certain amount of side-play to the middle and ends 
of each axle. 

The gun is placed, with two oak pads between, on two thin breech 
and chase blocks, with just clearance enough to allow the axis of the 
gun to be as low as possible. 

St. André crosses, suitably fitted, assure the horizontal rigidity of 
the body of the truck. The bogies are constructed with sole-bars 
strong enough to divide equally the weight among all the axles, and 
are provided at each outside end with a coupling and buffers. They 
are also furnished with a screw-brake with six shoes, and all accesso- 
ries, such as a platform for oiling, handrails, steps, place for lights, 
etc., necessary for the convenience of service. 

The bogies can be used separately for the transportation of guns 
of smaller calibre. In this case, a removable coupling is added to 
the interior end, similar to the one at the exterior, and blocks for 
supporting the gun. 

During its initial trip from Le Creusot to Paris, carrying a weight 
of 67 tons, consisting of an armor-plate of 65 tons and its accesso- 
ries of 2 tons, a velocity of 20 kilometres per hour was obtained, and 
the journey was made under excellent conditions. 

The truck was constructed to carry a maximum weight of 120 
tons, 
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‘Terre Noiree—The ‘Compagnie des Fonderies et F 
de Terre Noire, La Voulte et Bességes,’ situated near "I 
Etienne (Loire), is one of the important steel-producers gf 
France; and, though its metal has not as yet been receiv 
for tubes for large cannon, it has been largely used in the pro. 
duction of shells and hoops. The company claims a specialy 
in producing cast steel without blow-holes, which requires ty 
subsequent working under the hammer. The mode of mag. 
facture is known as the Terre Noire Process, ind is the resuk 
ef many years of gradual development. The value of th 
product has been so far appreciated by the Government as 
justify its use for small guns and hoops, and even for trunniop 
bands, while the manufacture of steel projectiles is a large 
item in the yield of the works. The Terre Noire metal is pp 
duced in the Siemens furnace, and possesses in the cast stat 
all the necessary qualities for ordinary industrial purposes; it 
is soft and malleable, and is said to be as strong as ordinay 
steel of the same grade after rolling or hammering. Iti 
claimed that its density is always as high as, and sometime 
higher than, that of ordinary forged steel. These statements 
are supported by facts shown in numerous experiments.” * 

In 1875, Mr. Euverte, Director of the works of Terre Noire, pre 
pared some notes that briefly recalled the following progress and 
results of the process : 

For the past two years very important investigations have been made at tht 
Terre Noire Works with a viewto the use of phosphorus in the manufactured 
steel. As far back as 1856 Mr. Bessemer made his first experiments, but th 
results were not satisfactory. Many scientific men declared then that the triab 
were made contrary to all existing theories, and that the new process cotli 
never succeed. From 15856 to 1862, Mr. Bessemer continued his investigations 
and at the end of 1861 Mr. Gruner called the attention of metallurgists to th 
complete success of the new process, 

At Terre Noire it was seen that the question was one of the greatest impat 
ance, and it was decided to thoroughly study it and persevere to a solution. 

At the end of 1865, Mr. Bessemer called the attention of the Terre Not 
Co, to the existence of works near Glasgow, Scotland, where ferro-manganes, 
containing from 25 to 30 per cent of metallic manganese, was manufactured; 
this was obtained by the process of Mr. Henderson. 

Also, in the same year, the German industrial papers called attention to® 
manufacture by the process of Mr. Oscar Prieger, at Cologne. The fer 


* Gun Foundry Board Report. 
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manganese made here contained 75 per cent of manganese, was manufactured 
in crucibles, and cost $1.20 per kilogramme. 

Immediately experiments were made at Terre Noire with these alloys. The 
results were what were expected. With the ferro-manganese, a metal similar 
to the costly Aomogeneous steel was obtained, having only traces of carbon, and 
splendidly adapted to all industrial purposes, 

The problem was theoretically and practically solved, but many efforts had 
yet to be made to arrive at a commercial solution. Meanwhile, for some reason, 
the production ceased in England; the German alloy was too costly. It would 
have been impossible to obtain ferro-manganese if the Terre Noire Co. had 
not secured the right to manufacture it in France. After many trials, the 
manufacture was established in 1869, and is to-day really an industrial under- 
taking. The Henderson process was taken as a basis, successfully improved, 
and since 1871 ferro-manganese, with 40 to 42 per cent of manganese, has 
been manufactured at Terre Noire for from 40 to socents per kilogramme. New 
improvements are expected to give an alloy containing 60 per cent. 

The problem is to-day solved, and the steel industry possesses the means of 
manufacturing an extra soft cast-steel, answering the required conditions of 
tension and elongation, of which plates, machinery, and cannon can be practi- 
cally made and safely used. 

The results of the numerous experiments made at Terre Noire show that the 
new metal possesses physical qualities of a peculiar nature and worth careful 
study. To keep within the bounds of truth, it may be affirmed to-day that 
steel containing three-tenths of one per cent of phosphorus, and one and one-half 
tenths of one per cent of carbon, is very malleable, and can be utilized to make 
rails of very good quality. 

It may be said that a steel containing only one and one-half tenths of one 
percent of carbon is not stee/. This may be true; perhaps it would be well 
to modify the classification and not give the name of steel to a metal which 
contains almost no carbon, cannot be hardened, and behaves in so many ways 
like iron. 

Already the French Navy has given the name of “ Soft Metal” to the extra 
soft plates ordered from the works of Le Creusot and Terre Noire. 


Special attention is now being given to the manufacture of large 
castings and the best methods of tempering and annealing. There 
are two 20-ton Siemens furnaces with the casting-pit between them. 
This arrangement is bad, because the intense heat injures the work- 
men. Gas is used in all the furnaces, and the shops are well equipped 
for heavy work. Cannon-hoops (/reéfes) of an interior diameter of 
§6 centimetres, and cylinder-linings, two metres in diameter and over 
two metres long, were in hand at the time of the Board's visit. 

Mr. Pourcel, long associated with the process at Terre Noire, in a 
paper read before the Iron and Steel Institute at Vienna, referred in 
the following words to the progress recently made: 
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The studies still continued at Terre Noire are now being directed to two 
points: 

1. The manufacture of large castings. 

2. The methods of annealing and tempering to be applied to the metal, jp 
order to give it all the mechanical properties corresponding to its chemical 
composition. 

The end in view is the substitution of steel for cast-iron in all pieces of 
mechanical construction. But the final solution of this problem is stil] a long 
way off. The production of castings of any form and of any dimensions jp 
steel of a well-determined chemical composition, combining the resistance and 
rigidity of steel with the smooth surface and homogeneity of iron castings, is 
a very complicated problem, and one which presents material difficulties of 
more than one kind, 

The last progressive step made at Terre Noire is worthy of notice. 

An engineering firm in Paris required some cylinders of cast-steel havinga 
diameter of 2.04 metres and a height of rather more than two metres, witha 
uniform thickness of metal of 50 mm. These cylinders were to support a 
internal hydraulic pressure of forty-five atmospheres without showing any sign 
of percolation. The annealed metal was to have a minimum resistance of 9 
kilos. per square millimetre, and a minimum extension of 8 per eent. 

Of these cylinders, six have already been cast. The external surfaces of the 
castings are quite as smooth as if made of cast-iron, and yet the metal is com 
paratively soft. It contains on the average—carbon, 0.65 per cent ; manganes, 
1.00 per cent to 1.20 per cent; and silicon, 0.25 per cent to 0.30 per cent. It 
is, in fact, the quality demanded for rails by one of the French companies 
The flanges of the cylinders, after turning, took a very fine polish, even at the 
gits, and were free from any defects. The metal is cast in moulds of loam, 
pierced with numerous holes to allow the gases to escape, and dried with great 
care. It is runin at the top of the mould, and not at the bottom, the time occt- 
pied in casting being less than two minutes. This particular point should k 
noticed. 

The second point upon which the experimental studies of Terre Noire are 
being directed, comprises the various methods of annealing and tempering, 
applied for the purpose of assuring the molecular transformation of the metal, 
and of establishing the equilibrium of the molecules of a casting of prescribed 
form, and consequently of enduing it withthe highest mechanical qualities cor 
responding to the chemical composition of the metal. We have here to com 
quer difficulties, not only purely mechanical, but others which are inherent in 
the solution of every problem pertaining to the domain of physics. You may 
make lots of experiments and possess numerous results, but it would neverth 
less be imprudent to formulate a law which would not be, as every physical law 
should be, the synthetical expression of the deductions obtained from a vey 
large number of concordant facts. It may, however, be of interest to the Insti- 
tute to learn the practical results obtained in what is considered an extremely 
delicate manufacture, that of hoops (/frettes) for cannon. 

More than two years ago, Terre Noire supplied to the French navy a cor 
siderable number of hoops for guns of 10 centimetres. To-day we are working 
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on an order for hoops of the same type, the specifications for which are more 
I am only speaking of round hoops, which are of the following 


severe. 
dimensions : 
External diameter,.......++ seeseeees eevee SEE LLAE OTE IEA AD. 360 millimetres. 
MiteeEEl GIAMCTCT. ccoccccee cocccece covcecees petintneeseee pebennned 246 ™ 
Thickness Of metal........ s.seceees coveceees covers ee soeses sesess 57 ” 
Height. ......++ Senbadeeh easeneeee cecneaned enensedun ensccines eenennin 265 “ 


These hoops are cut out of a round ingot of 385 mm. diameter, cast solid in 
aniron ingot-mould, each ingot furnishing several hoops. The method consists 
in casting an ingot having nearly the external form of the finished casting, and 
then cutting out the surplus metal by means of powerful mechanical tools, to 
give the piece its definite form. In most cases, the rough casting would pos- 
sess the dimensions of a rough forging; more metal is, however, generally left 
tobe removed in the lathe. The metal in the head of the casting is, of course, 
not here taken into consideration. 

A hoop is chosen from each ingot, sometimes from the top, sometimes from 
the bottom, and sometimes from the middle, from which are taken the samples 
for drop and tensile tests. This test-hoop is given rather more height than the 
others, viz., 310 mm. instead of 265 mm. The test-hoops are treated in the 
same manner as all those of the cast to which they belong; i. ¢., they are 
heated and tempered in oil, according to a definite formula, and the test- 
cylinder, about 40 mm. high, is then cut in the lathe and forwarded to the 
Government works, where it is prepared for and subjected to the drop and 
tensile tests. 

The barto be subjected to the drop-test is of square section, 30 mm. X 30mm., 
and 180 mm. long. It is placed on two supports or knives, 160 mm. apart; the 
anvil weighs 350 kilos. The bar must stand, without breaking, fifteen blows at 
least of an 18-kilo. monkey falling from a height of 2.75 metres. 

The bars to be subjected to tensile tests have a diameter of 13 mm. anda 
netlength of oo mm, The minimum conditions to be fulfilled are : 


Limit of elasticity...... ........ Guinianndie tenets acdaeiaian 30 kilos. per square millimetre. 
SIT icdintinnd sussennecstasseennee easels 56 kilos. per square millimetre. 
Extension measured after rupture... ..........00 14 per cent. 


Between two bars from the same hoop, a variation of six kilos, per square 
millimetre is allowed in the limit of elasticity, and seven kilos. in the breaking 
strain. The following table contains a certain number of results obtained at 
Terre Noire with cast-stee] hoops made during the present year: 
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Nos. | imac. | eeatc't | Extension. | Contracton|'o- of Hows) ai te 

rupture, aan in 

— eS | ee ane ae 
I | 39-4 66.0 | 16.6 | 0.74 «| 24 31.0 
2 39.0 65.5 | 16.8 | 0.72 | 29 31.8 
3 41.8 67.5 | 156 | 0.715 29 Zhg 
4 | 40.3 66.7 | 14-9 | 0.66 | 29 31.6 
5 36.1 61.7 | 179 | O55 29 328 
6 39-3 66.3 | 15.4 0.70 | 36 31.0 
7 37-2 63.6 18.3 | 0.56 | 34 32.0 
8 38.5 65.2 | 17-3 0.64 | 35 32.0 
9 38.0 | 64.8 | 20.1 0.52 45 31.8 
10 40.0 66.7 17.6 0.55 | 42 31.0 
II 38.9 65.1 | 18.1 0.54 | 4! 31.7 
12 39-3 65.9 | 17-3 | 0.54 | 36 31.6 
13 40.8 68.0 | 132 | 068 | 45 31.0 
14 39-8 65.6 : 18.0 0.55 47 315 
15 38.3 64.5 | 17.2 53 | 36 330 
16 37-5 | 63.1 | 16.1 | 0,68 | 28 32.5 
17 37-4 | 62.6 | 14-9 | 0.64 26 330 
18 38.5 | 64.2 14.4 | ©7972 27 36.0 

19 | 379 | 630 | 167 | © 52 42 | 

20 36.0 | 56.6 | 24.2 | 0.50 25 | 40.0 


| 


Each of these figures represents the mean of two tests, in which the differ 
ences observed in the limit of elasticity and the breaking strain varied from 
o.1 kilo. per square millimetre to 1.6 kilo. Tests Nos. 9, 10, 11, 12, are those of 
hoops which had been tempered three times in oil. No. 13 has a somewhat 
low extension but a high breaking strain. A charge is occasionally produced 
giving a breaking strain of 70 kilos. or more, and an extension of less than 1} 
percent. In this case the series of hoops to which this tested hoop belongs 
are again heated and tempered in oil at a temperature lower than that at which 
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they were previously tempered. By this means the extension is considerably 
increased, without diminishing the breaking strain too much. On the other 
hand, when the breaking strain is too low and the extension high, the new 
tempering is effected at a higher temperature than the preceding one. In 
regular working, all the hoops are heated to a yellow oxidizing color, and at 
that temperature are plunged into a given weight of oil in the direction of their 
axes. They are allowed to cool in the oil, and are re-heated at a temperature 
varying from bright cherry-red to a dull cherry color, according to the chemical 
composition of the metal, and thea tempered again in a bath of oil, in which 
they are allowed to cool. 

The first tempering transforms the crystalline grain of the metal into a fine 
homogeneous grain ; the second determines the molecular equilibrium of the 
casting which corresponds to the chemica! composition of the metal, and should 
be more or less intense, according as the metal contains more or less than 0.3 
per cent of carbon and 0.5 per cent of manganese. 

The chemical composition of the metal suitable for this delicate manufacture 
is comprised between narrow limits. The carbon varies from 0.2‘ * cent to 
0.32 per cent, the manganese from 0.60 per cent to 0.45 percent, ne sulphur 
can scarcely be detected, and the silicon is nearly constant between 0.15 and 
0,20 per cent. 

Mr. Pourcel’s paper called forth a discussion, a translation of which 
was published in “ Notes on the Construction of Ordnance, No. 20,” 
War Department, and from which the above was taken. 

“In general terms, as stated by Mr. Holley, the object of 
greatest importance in this process is to keep down oxidation 
in the bath from the commencement of the operation. For 
this purpose the furnace must be kept as hot as possible, with 
a good solid body of flame, but there must be only just enough 
air admitted to promote thorough combustion, 

The process requires an initial bath of pig-iron containing 
from 6 to 8 per cent of manganese. Spiegeleisen is the most 
convenient form for introducing it; but as a spiegel with pre- 
cisely this percentage may not be at hand, the bath may be 
formed by taking a richer spiegel and diluting it with a proper 
proportion of ordinary pig containing no manganese. The 
greater part of the bath should be made of pig poor in carbon, 
particularly when highly carbonized materials are to be dis- 
solved. The weight of the initial bath should generally be 
about 11 per cent of the whole. 

When the bath is completely melted, the refining materials 
are successively added in small quantities. These are pre- 
heated and dropped at the deepest part of the hearth in front 
of the doors. Pre-heating is employed not only to keep the 
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furnace hot, but to save oxidation. The materials used at this 
period of the operation are chosen with reference to the quality 
required in the finished product. For projectiles, the Terr 
Noire Company generally use Bessemer ingot and rail ends 
with sinking-heads from previous projectile charges. These 
are all high in carbon, and contain some manganese. The 
proportion of refining materials to the whole charge averages 
78 per cent. As soon as one charge is melted, another js 
added, until all are fused, when a series of tests commences, 
The study of these specimen tests is kept up until the bathis 
in a condition to receive the final additions. These consist of 
a special pig (11 per cent of the whole charge) containing 4} 
per cent of silicon and 34 of manganese, and also a little ferro. 
manganese, containing 50 or 60 per cent of the latter. A part 
of these ingredients is taken up by reactions which prevent the 
formation of blow-holes ; the remainder is left in the metal to 
impart to it the physical qualities required. 

The special pig is charged hot. While it is melting, a 
marked change takes place in the bath, which up to that time 
has bubbled about as much as in the ordinary pig and scrap 
operation ; it becomes gradually more and more quiet, until 
its surface is smooth and scarcely broken by small and widely- 
scattered bubbles. When the special pig is nearly all melted, 
the ferro-manganese is thrown in hot. The casting takes 
place immediately. The metal runs into the moulds without 
any splashing, and no escape of gas is noticed during the 
casting operation. 

Spiegeleisen is used for the initial bath because the man- 
ganese it contains, being the most oxidizable of all the mate- 
rials present, will remove oxygen that may be present in the 
bath, and will intercept oxygen that tends to enter it, so that 
the more manganese there is in the slag the less oxygen there 
will be in the metal below. By testing the slag frequently, 
there is constantly present a delicate test of the oxidation of 
the bath. If this precaution were not taken, and the oxygen 
were allowed to go on accumulating in the bath, it would be 
impossible to tell how much there is of it present when the 
final additions of silicon and manganese are made, and how 
much of these substances would be removed in taking up this 
oxygen. Therefore oxygen must be kept out, so that the 











PeaeB ee Bas & 


SERB FTE Qe 


ne 
til 
ly: 


ut 
he 





FRANCE. 731 


whole of the ingredients finally added shall be left to perform 
their work. 

The success that has thus far attended the development of 
this manufacture indicates a useful and important future for 
the process. 

The persevering efforts of the Terre Noire Company to 
develop this manufacture and the expense attending years of 
experiment, prove their confidence in the principle involved, 
and the encouragement given during the past two years by 
the Government shows an appreciation of its merit. Further 
experience may justify the use of the metal more generally in 
the construction of cannon, and, if it can be made hard enough 
for the purpose, it may be used for tubes. It will require 
exhaustive experiments to induce artillerists to accept in all 
cases the simply cast metal as a substitute for that forged 
under a hammer or press; but if a perfect demonstration shall 
be made of its ability to endure all tests, it will open a way to a 
great economy in manufacture. 


PRESENT CONDITION OF FRENCH ARTILLERY. 


The artillery of the army is under the control of the director 
of artillery in the war department. All guns for the field and 
for purposes of siege and position are fabricated under instruc- 
tions from this office. 

The list of guns under these heads, now actually in use, 
comprises a large number of models and varied constructions. 
This is the result of the hurried manner in which, before the 
end of the last war, guns of all available descriptions were col- 
lected by the Government. During late years, while the re- 
arming of the country has been progressing, a systematic 
method of armament has been adopted ; but this has not, up 
to this time, so far advanced as to justify the exclusion of the 
old guns from the list of those in actual use. As the number 
of the new guns, however, shall increase they will be substi- 
tuted for the old; consequently, in presenting the present con- 
dition of the artillery of the army, the old are alluded to only 
in a general way. 

Omitting mention, then, of the bronze smooth-bore, and 
bronze and cast-iron rifled pieces of old date, the following 
may be stated as the present armament of the artillery of the 
army : 
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Kj 
So-millimetre (piéce de montagne), weighing............. ot0ee cocees eee a 
So-millimetre (piéce de campagne), weighing.......... © cvccee coveseces 425 
go-millimetre, weighing...... .. ses . eaeepeihaneenenen eoetetniatelaaenee $30 
EE, WORT ce nbes sd005ccss sccncndes vesvsvesesennsbbies egtemaaneel 710 
120-millimetre (piéce de si¢ége et position), weighing................ 1,200 
155-millimetre (piéce de si¢ge et position), weighing......... Scheel 2,527 
190-millimetre (piéce de siége et position), weighing................ 8 009 
CGO EREITRSTER, WORE eee witerecce weeveceee ennccccne coceneces coceue tiie: 17,000 


220-millimetre (steel rifled mortar), 
Revolving cannon (model of 1879), Hotchkiss, 


These guns, with the exception of the revolving cannon last 
named, are all constructed on the system of Colonel de Bange, 
late of the army. In addition to them, the army gun factories 
are employed in the manufacture of a large number of 24-centi- 
metre guns, which have a cast-iron body tubed and hooped 
with steel (Plate LII.). They are made to assist in arming the 


coast. They are also much more economical than all-stee 


guns.” * 


Colonel Crispin, U. S. A., in his report, has given an interesting 
reference to the introduction and development of hooping cast-iron 
with steel bands or hoops : 


It appears that the first attempt was made in 1836, at the founderies of Liege, 
in Belgium, where the minor powers of Europe, and even Russia, procured their 
cannon at that time ; resort being had, however, also to the well-known Swedish 
founderies of Fingspong and Aker. 

The method was first brought into notice at Ruelle, in 1843. It was intro 
duced a few years later by Blakely, in England; and in 1859 it was tested 
again in France, at Vincennes, by the Navy Department, and officially adopted 
for all its rifled guns. In 1864, in the model then adopted, the exact allow 
ances fur shrinkage were established, based upon both practical and theoretical 
observations. 

The allowance for shrinkage, it is intended, shall be such as to secure a com- 
pression of the interior strata according to the theories of Gadolin and Lames 
The amount of diminution of diameter of tubes varies from 0.003 to 0,007 inch. 

It is hardly necessary to allude to the fact that the large constructions for 
naval service have two series of puddiled steel frettes, made at Le Creusot 
and Rive de Gier. 

The banded portion of the cast-iron body is, according to general rules, 
about one caliber in thickness, and the bands 0.25 caliber for each row, giving 
a thickness at the seat of dangerous pressures of about one and one-half 
calibers. 


* Gun Foundry Board Keport. 
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PLATE LIIL 
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The operation of shrinking on the hoops requires but simple and ordinary 
appliances. An oven, modeled after the ones employed in England for heating 
tires for wheels, supplies the means for heating the frettes to the proper 
temperatures. They are transferred thence by means of a small crane, and 
are placed in their proper positions on the exterior of the prepared cannon 
body by two or three workmen. A circular tube and collar containing water, 
which escapes in jets on to the superimposed frette, supplies the means for 
cooling. It is applied, not directly after the placing of the frette in position, 
but in about ten minutes after the latter operation has been completed. 

After preparing the body, and the assemblage of the first row of bands, the 
gun is transferred to the boring-lathe, the exterior of the frettes accurately 
turned, and the preparations for the application of the second row of bands 
completed. After this row has been superimposed, the gun is sent to the 
machine-shop for the final process of fitting the fermeture, rifling, and other 
necessary work to complete the manufacture. 

Proof-frettes are tested for elasticity, and proof of endurance by a shrinkage 
test. A cast-iron cylinder is used, over which the experimental hoops are 
placed under a definite tension of heat, and when the parts are cut, the cylin- 
ders are broken up and the frettes under proof measured and otherwise 
examined, A shrinkage determined upon, say, nearly up to 0.002 of the 
diameter, and a slightly less one for trunnion-bands, should attain without any 
permanent set resulting in enlargement. They should withstand an enlargement 
not exceeding 0.004 without rupture, or development of serious superficial de- 
fects sufficient to warrant rejection. Based upon these trials, the frettes are 
prepared which are to be used in construction. 

In the application of frettes or trunnion-bands to the bodies of guns, the 
establishment of the limits of shrinkage must largely depend upon the results 
of the testing machine for physical properties, and limits which may be de- 
termined by one set of experiments may be non-concurred in by another, oper- 
ating on different metals used in different countries. The data resulting from 
French experiments are, therefore, matters of interest, but furnish no definite 
standard for following absolutely when other steels are used. 


CANNON AND NAVY CARRIAGE. 


* 


REVOLVING 


“The ordnance of the navy is attached to a department in 
the ministry of marine, called the ‘ Direction of Material.’ 
The bureau of the artillery of the navy is one of several bureaus 
under this ‘ Direction,’ and is presided over by an officer, 
‘chargé du service technique,’ who is virtually the chief of 
nava! artillery. This position is filled at present by General 


Dard, an officer of great eminence in the marine artillery of 
France. 





HOTCHKISS ss Mrv. 


The list of guns of the marine artillery comprises a large 
number of calibers ; and the variety in their construction shows 
the growth and development of the idea which has finally re- 
sulted in an armament for the navy of guns constructed en- 
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tirely of steel, including the following calibers, viz., 65 and 90 
millimetres, 14, 16, 19, 24, 27, 32, 34,37, and 42 centimetres, 
The Hotchkiss revolving cannon (Plate LIII.) also forms ap 
important element in this armament.” * 

Mr. Hotchkiss has recently perfected some rapid-firing guns, of 
which a great number are being introduced into the service. Theis 
object is to provide a suitable armament for torpedo-boats, and to 
meet the demand for a rapid-firing gun of small caliber. 

Though high-power guns of this system (see table facing page 737) 
are supplied with other ammunition, the same ballistic conditions as 
those for the revolving cannon have been adopted for the 37, 47, and 
53 mm. guns, in order to meet the important advantage of having 
uniform ammunition. 


The body A (Plate LIV.) of gun is made of Whitworth fluid-compressed 
steel. It is square at the breech, and the trunnion-ring B (steel) is screwed 
on. The gun is exactly balanced in the trunnions. 

The breech-action consists of the square wedge C, running in guides D, and 
governed by a set screw. It is worked bya crank E, bearing in the right side 
of the breech, and is actuated by the lever-handle F. 

The firing mechanism consists of a hammer with a point that penetrates the 
firing-plate, and strikes the cartridge-cap on pulling the trigger. The hammeris 
mounted on a rocking-shaft, and is provided with an arm on the outside of 
the breech. The lever-handle carries a cocking-cam, which bears on the am 
of the rocking-shaft, and in swinging, cocks the piece. A small projection and 
trigger-sear hold the hammer until it is released by pulling the trigger. The 
parts are all simple, and a hinged piece can be readily opened to replace any 
broken part. 

The cartridge-extractor is a prism of steel with a hook running in a recess on 
the interior of the left cheek of the breech, and parallel to the bore. On its 
under side is a stud, working in a groove on the left side of the wedge. The 
stud runs in the straight portion of the groove until the wedge is so far with 
drawn that the opening coincides with the chamber, when it runs into the in- 
clined part. By this action, the extractor is thrown back quickly, withdrawing 
the cartridge-case and dropping it to the ground, 

The stock G is of wood, fitted into a gun-metal holder. An india-rubber 
tube is attached to it, forming an elastic buffer, and reducing the effect of the 
slight shock of discharge. 

The pistol-grip H is of gun-metal, hollow, and attached to the breech by 


screws. This carries the trigger I, and serves at the same time to direct the 
piece with the right hand, leaving the left free to feed the cartridges. 

The front sight N is a plain steel point attached to the trunnion-ring. The 
rear sight O is a folding leaf or sliding bar with the usual notches, so that the 


gunner may pass rapidly from one range to another. 


* Gun Foundry Board Report. 
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HOTCHKISS SINGLF-BARREL, RAPID-FIRING, NON-RECOIL GU 


The High-Power Guns are usually mounted on a stand, bolted 
to the deck. 


hand-rails, or any other convenient part for the ship. 


The sockets for the other guns are bolted to the 


IN iiciaiahn euibemeees dndbdceds Sebnée s00etiess cocees coceee 
Length of bore....... ...... Sbbspeaens ésoses 

Length of bore in calibers......... 

Length of gun....... p enbeedss 
Length of gun, including stock or shoulder piece. 
Weight of gun, including stock or shoulder piece 
i Tir i cates sbedsees bnbueoter sovbes cceves svsees 
Weight of socket.................. 

Weight of steel shell 

Bursting charge.... 

Length of steel shell, in calibers... 

CRAPS CE POWER . 2.0.00: cesces coccceee 
Total length of cartridge with projectile. 

Total weight of complete cartridge.. 

Initial velocity of projectile.... 

Total muzzle energy of projectile, in kilogrammetres. 
Thickness of iron plate that the projectile will penetrate.. 


Rapidity of fire, per minute, careful sighting not included... 


Number of men required to work the gun 


These Guns use the ammunition of the re- 
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The pivot K, and socket L, are of gun-metal, and made to suit the condi- 
tions of the tower, or other part of the vessel or place in which the piece is to be 
mounted. The pivot carries the gun in its trunnion-bearings M, and fits in the 
socket so that it rotates and forms a universal joint, thus providing for both 
yertical and lateral train. 

Pare the cap-squares clamped by the lever R. T is a lever for clamping 
the pivot in its socket when no rotation is desired. S is a steel shield to 
protect the gunner. It is fixed to the gun and revolves with it. 

The following recoil-buffers have been found useful. The trunnion-bear- 
ings are bored larger than the diameter of the trunnions, and the circular 
space between the two is filled with soft india-rubber, wholly enclosed in flanged 
rings, that fit over the trunnions and inthe trunnion-bearings. The sharp shock 
on the bearings is greatly reduced without inconvenience to the gunner, 

In the 37 mm. gun, there are 12 uniform grooves, 0.4 mm, deep and 2 mm, 
wide. The rifling is helicoidal, left-hand twist, with a pitch (in calibers) of 
29.9, and an angle of 6°. 

To load and fire : 

ist. Throw down the lever-handle, pressing with the right thumb. 

2d. Insert the cartridge with the left hand. 

3d. Return the lever to place (with palm of the hand). This raises the block 
to its proper position, and the gun is ready to fire. 

After firing, throw down the lever sharply, and the empty cartridge-case is 
thrown out of the gun. 


“ Many of the guns of the Marine Artillery, including some 
of 32 centimetres, are models of previous years—cast-iron 
bodies hooped with steel; cast-iron bodies with half tubes of 
steel and hooped (Plate LV.) ; cast-iron bodies with steel tube 
extending the whole length of the bore and hooped with steel 
—all indicating the persistent effort that has been heretofore 
made to utilize cast-iron. The other guns mentioned above 
are entirely of steel. 

The Marine Artillery is engaged in the construction of a 
modification of the 27-centimetre and 32-centimetre guns of 
model 1870, to be called the model of 1870-81. They are to 
be of cast-iron, tubed and hooped with steel ; their length will 
be increased to fire heavier charges than the model 1870, giv- 
ing a velocity of 530 metres; eight 27-centimetre and twenty- 
six 32-centimetre guns of this pattern are under construc- 
tion,”’* 

Colonel Sebert, referring, in 1873, to the introduction of steel tubes, 
gave the following description of the model of 1870: 


* Gun Foundry Board Report. 
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The soft steel tube, tempered in oil, is prolonged to a little in rear of the 
trunnions, where the gas exerts but feeble pressure, It is reinforced in rear, 
and this reinforced part, designed to receive the breech-plug, is itself screwed 
into the casing. 

The thread of the screw designed to secure the tube was one of the points 
which demanded most study and gave the greatest difficulty ; a form was finally 
determined, so arranged as to secure solidity to the system. 

The tube, with its diameter larger than that of its casing by a slight amount 
determined by calculation, was inserted into the gun, which was in a vertical 
position, and heated to a low temperature in order to give it just sufficient 
expansion. * * * The tube having been inserted until the shoulder of its 
reinforced part rests against the plane of the breech, is given a rapid motion 
of rotation, which screws it in, and forces the front of it firmly against the 
bevel connecting the bore of the casing with the counter-bore. 

By this process, the tube is compressed in the part comprised between the 
front bevel and its shoulder held by the screw-thread. This compression arises 
from the cooling and shrinking of the gun, and, inversely, the gun is subjected 
over the same length to a longitudinal extension. 

This double condition appears to be essential to the success of tubage. I will 
not stop to explain the considerations which enabled them to ascertain this fact; 
it suffices to say that the amount of longitudinal shrinkage, for each caliber, is 
exactly determined by calculation, the same as the diametrical shrinkage of the 
tube. The gun, once it has been tubed, ordinarily receives an exterior frettage. 

Numerous experiments have shown the success of this system. By experi- 
ments with various calibers, and by the final employment of excessive charges 
and violent powders, the manner of destruction of these guns has been ex- 
amined. It has been thus shown that the object desired has been fully attained, 
that is to say, that the resistance to the blowing out of the breech now predomi- 
nates over the resistance of guns to transverse rupture, and that consequently 
at the limit of the life of the gun, and supposing the use of ordinary service 
charges, rupture announces itself by cracks of the inner tube, which thus pre- 
vents all danger of premature explosion. 

It may be interesting to know the increase of resistance which frettes and 
tubes together give to the naval guns. The following are the results on the 
subject, determined by calculation. These data aye taken from the memoir of 
Colonel Virgile ; they apply equally to all our guns, which have the same thick- 
hess, one and a-half calibers: 

1st. Guns of Ruelle, cast-iron, without either frettes or tubes, the cast-iron 
standing 11,257 pounds per square inch, offer a resistance of 10,000 pounds per 
square inch. 

2d. Similar guns with a single row of frettes, the cast-iron standing 11,257 
pounds per square inch, and the puddled steel, 35,600 pounds, have a resist- 
ance of 20,000 pounds. 

3d. Guns with two layers of frettes, for a mean tenacity of the casing and 
frettes, reached 28,700 pounds. 

4th. The same guns with tubes reach 45,900 pounds. The addition of frettes 
and tubes more than quadruplicates the original strength of the cast-iron guns. 
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“ The 37-centimetre and 42-centimetre guns were in hand 
when General Dard came into his present office, and will be 
completed. Their weights, respectively, are 72 and 75 tons, 
and their construction is the same. 

Eight 42-centimetre guns are in process of construction, 
assigned to the following turreted ships, viz., Indomptable, Re. 
quin, Terrible, Caiman. 

One gun weighing 100 tons has been built by the marine 
artillery at Ruelle, but it is of 42-centimetre caliber, with the 
same sized tube as that in the 75-ton gun. It is, in fact, the 





42-centimetre gun, with a body of cast-iron instead of steel. 
Being constructed for the purpose of deciding all the ballistic 
particulars of the 75-ton gun, cast-iron was employed for econo- 
mic considerations. 

The following are accepted by the bureau of marine artillery 
for the future armaments of the navy, and will be entirely of 
steel, viz. : 


GE-MMTTTIMOAE, .nccccces coveseses accccscee soceccees coves seins connsteth gieaiibeeesimmaaall 
QO-MATTIIMCET]. 2.00000 cececccce covsccace cocceses- covcccoss eoeceeees eecceeees epsnetens 
BO-CORTIMISEIO, ccccccccs socccccce cccccsccs concee cessesses cess coceee ennesense conetnees 
SA-COMEMGRTO GOTH BUM cece cccccccce coccccces ccccsnese covcecees consessse esecesens 30 
16-centimetre (light), with one row Of hoops......... scsceeee seeeeeceeeee 2BY 
16-centimetre (heavy), with two rows of hoopsS......... ...ceeee ceeeeeeee 28% 
IIS occ tonnes on c0es cn cnde c0bsee 0200s coveccees eoencenen ceseevininene 28% 
SI IIIIIN <6 siceccnanks desneabibiiaahtet 6 -+a.ees: sxienegnaheseh: seneanin aan 
34-centimetre, 44 tons WCIght........... seccecees seceee soceee seeees seneee eeneee 18 
34-Centimetre, 48 tons Weight............0. cesses serensere eeceee seeeen enneseees 21 
34-centimetre, 49 tons WEIgNL........... cccceces cocereees eeetecees canes seneee 2 
34-centimetre, 521% tons WeIght..........c000+ ceceee coeeee on eneeee enenee erence 28% 


Material.— Although the gun factories of the army and 
marine artillery are engaged in the fabrication of guns with 
cast-iron bodies, and though Colonel de Bange advocates pud- 
dled steel for hoops, the effort to perpetuate the use of cast 
iron is now definitely abandoned as far as the navy is con- 
cerned, and the employment of forged cast-steel will be gener- 
ally accepted.”’* 

While nearly all authorities in France are in favor of tempering, 
there are still diverse opinions as to its hardening effect, and as to the 
best system to be employed in the operation. 


* Gun Foundry Board Report. 














FRANCE, 741 


Mr. Harmet, chief engineer of the steel works of St. Etienne, 
argues that the usual method of plunging the tubes entirely in oil, 
which causes the cooling to begin simultaneously on the outer and 
inner surfaces, creates three different zones of cooling in the thickness 
of the metal, the central one of which begins to contract only when 
the two outer ones are already set. The tensions of the metal con- 
sequently vary towards a line in the middle of its thickness, instead 
of being concentric with the axis of the tube. Mr. Harmet proposes 
to attain this latter result by filling the tube with water and applying 
none to the exterior. 

In regard to tempering, Colonel Crispin concludes, as the result of 
his recent investigations of the subject in Europe: 


The effects of oil-tempering are to increase the hardness, tensile strength, and 
elastic limit of the metal, but somewhat at the expense of its ductility. Itisa 
process, however, which is applied to all steel products for heavy ordnance in 
England, and also in France, and has been so long practiced, with confidence 
in it remaining so long unshaken, and, in fact, increasing, that it must be recog- 
nized as probably an important process to be employed in constructions where 
steel tubes of about equal diameters throughout their entire length are designed 
foruse in built-up guns. For ingots, however, wherein unequal diameters find 
place, the process becomes one of doubtful benefit in its application, as it evi- 
dently disturbs the molecular conditions of the metal; sections of different 
diameters being unequally acted upon by the tempering process, injurious 
strains are introduced similar to those produced by unequal cooling in masses 
of cast-iron, where the areas of adjacent cross-sections are sensibly and 
abruptly different. 

The increased hardness and diminution of the percentage of elongation in 
the metal introduced by the application of the process are subjects for conside- 
ration, and should leave the question of tempering, in my judgment, one for 
consideration and further experiment. 

The increased tenacity and hardness secured by the process was a matter of 
great moment to the English constructors when the Palliser stud system of 
projectiles was standard in the British service, as the enormous strains brought 
to bear on the bearing edges of a few deep rifle grooves required these qualities 
to be present in the highest degree attainable ; but now, when the Palliser stud 
system for securing rotation is a thing of the past, it remains to be considered 
ifthe merits of the oil-tempering process should not be further inquired into, 
both theoretically and experimentally, if practicable, 2ad the result may be that 
imodification of the process, securing an increase ia toughness and tenacity to 
amore limited extent, may be attained without sacrificing too much the exten- 
sibility of the metal, which, by permitting a yielding at the critical period in 
gun practice with high pressures, instantaneously produced, adds largely to the 
ability of the construction to withstand the effects of those powerful, dangerous, 
and suddenly applied strains. 
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The steels used have not changed in qualities since 1872, and about the same 
physical properties obtain now as then, as exhibited by their tests. A som 
steel of about 31 tons per square inch at the breaking point, an? when tempered 
in oil raising to 47 tons, is now, from the latest information in print, about the 
standard required at the Woolwich arsenal. The untempered steel reaches jts 
elastic limit at, say, 13 tons per square inch, and the tempered at 31 tons per 
square inch. It is thus apparent that the oil-tempering not only increases the 
tensile strength of the metal, but also increases in a much greater ratio its 
elasticity. 

It is stated on good authority that no standard of heat required for tempering 
has been established—different specimens requiring different heats—and hence 
tests for the required temperatures are made for each tube from specimens 
taken from their ends. The more hammered steels require less heating than 
the less denser or softer ones, and hence the degree of heat required varies in 
every case, depending on the grade of the steel under treatment as to its physi- 
cal properties as determined by tests. 





** Construction.—The army guns are fabricated on the system 
of Colonel de Bange. This construction requires an oil- 
tempered and annealed steel tube, with hoops shrunk on in 
such numbers and in as many layers as are necessary to resist 
the strain brought on them by the charge. The hoops are 
made of puddled steel, coiled and welded. This construction 
is carried to the 240-millimetre gun (Plates LVI., LVIL.), of 
which there are very few in the service. 

There is a serious effort on the part of the officers of the 
artillery to introduce a change in the method of construction, 
so as to have the hoops made of forged steel, and it is thought 
that this may result in introducing a modification so far as to 
have the rear hoop, in which the breech-mechanism is seated, 
and the trunnion hoop made of forged steel, while the coiled 
puddled steel will be retained for the other parts. 

There are two constructions of the 34-centimetre gun of 21 
calibers ; one has a thick tube, with two rows of hoops ; in the 
other, a thin tube is covered its entire length with a jacket of 
the same thickness as the tube, and two tiers of hoops. These 
guns are intended to give an initial velocity of 600 metres. 

General Dard is experimenting in the direction of a larger 
caliber, and has under construction a gun of 37 centimetres, of 
the following dimensions, viz. : 

Diameter of bore............ wenes cecccecee cooceseee cocces centimetres.... 37 
I I i tien cinlhtel millimetres.... 385 
EOE OE Wi Riciniccce: sacecsess sncesen tevesesnes concensemaall BO cecees 140 
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CONES GE SOEROS...cccnse ceocccscsvcreseecee ecsnsesestes -millimetres 142.5 
Thickness of hoops (ISt TOW) ......06 cecceeeees ceeeeeees ceeeees PP vevene 107.5 
Thickness Of hoops (3d TOW) ..cccccccscccccescccscsess oe. coccese on 132.5 
ET IIE 4 cncscnned ecenianceeenenwastnns pmmmminuaees aad sl eicns . 1,430 
Total length. .....0 ceccccree sesccceess cocceceee scocccecee coves socces ee 11,185 
Length Of bOre........010 sscseeeesseececers seeeee sescesees cone cvceeGOrcccce 10545 
Length of breech-mechanism....... escoessee sosconse ecccescees en ‘ 640 
Weight Of gun ......c0e .ecoce cccccccee cosceeee + oneneetenecenins eosces tons... 2 
Weight of tube....... ncccccce socccsces coscccece os esesete acecen svenes BO vocen 14-7 
Weight of jacket .......0. .ssccceve soocesece covces coceee or eeee eovees a 16.4 
Weight of ingot for tube...............++ eenied pinaennennanpindl GPisen ° 20 


This gun is entirely of steel, and the tube is in one piece. 
From its great length it is evident that a large charge of 
powder can be consumed in it, but the proposed weight of 
charge and projectile is not known. ; 

The construction of the 37 and 42-centimetre guns (Plate 
LVIII.), consists of an inner tube in one piece, on the rear end 
of which is screwed a short tube accommodating the breech 
mechanism. The tube is enveloped in a jacket, composed of 
two pieces hooked together forward of the trunnions and in- 
closed by two layers of hoops.” * 

Of this construction Colonel Crispin has written : 


The original model was designed, generally, after its prototype of 1870, to 
which it is a natural sequence growing out of the experiences of ten years of 
testand manufacture of the latter, aided by the developments and advance- 
ments resulting from the rapid strides in France and England in the produc- 
tion of steel. 

Its salient features are a steel, oil-tempered tube (Ae/d simply by shrinkage), 
placed in a steel body consisting of two parts of about equal weight, united by 
locking together, the whole strengthened by two rows of shrunk-on frettes, 
superimposed over the body. The fermeture placed in the rear section of the 
body has no connection with the interior tube. This construction generally 
gives all the advantages to be derived from the use of the strongest and most 
suitable metal for ordnance ; is built up in accordance with the theories of con- 
struction for tangential strength, as far as they can practically and with due 
regard to economy be applied; and by the separation of the inner tube from 
the body ; disconnecting the end strain from the tangential at this point intro- 
duces a feature constituting a true and important departure from the ordinary 
mode of construction now in vogue. The failure, however, to Jock the tube to 
the body—to prevent the forward thrust of the former, arising from the friction 
of the moving projectile, and the gases operating on the shoulder of the cham- 
ber—save by the friction between the tube and body—is a radical defect, 


* Gun Foundry Board Report. 
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and experience has developed it and led to a modified form of construction, 
This modification consists of a hollow cylinder screwed into the casing, and 
with sufficient length to afford a rest for the fermeture, and to afford a means 
of being locked to the interiortube. This, of course, will prevent the tendency 
of the tube to move to the front; and it was this cause, it appears from recent 
French authorities, that led to the modifications just noted. 

In this modification, the junction of the inner tube and body takes place 
practically at a point equivalent to the bottom of bore in muzzle-loading guns ; 
and as the phenomena in the act of firing ina breech-loading or muzzle-load- 
ing gun—the breech-loading gun using a French fermeture—are essentially the 
same, it is believed that all the disadvantages arising from having to contend 
with the union of the /we strains at the bottom of the bore still obtain in this 
construction. Therefore the union as proposed in my report seems to me to 
be preferable. 

In this connection, attention again may be invited to the practical experience 
had both here and in England of the power of the drawing forces exercised on 
the surface of the bore by the friction arising from the passing projectile and 
the powder-gases. The gases operating on the bottom of a closed tube, as a 
point J’ apput, hold it from any forward movement, and the grip of the projec- 
tile from friction tends forcibly to drag the metal immediately around the surface 
of the bore to the front, elongating it, and leads to a longitudinal rupture com- 
mencing at the surface, and finally extending through the thick tube, as in the 
case of the Dui‘iv evn, or in the case of a lining-tube with a bottom, of forci- 
bly rupturing it, and dragging it out of the body of the gun, and projecting it 
tothe front, as in the case of the English and American guns which have been 
sodisabled. No such phenomena can occut if the inner tube is bottomless 
and firmly secured to the superimposed body. 

The absolute separation, however, of the longitudinal and tangential strains 
bydesigns in construction which shall contemplate entirely different parts of 
the system to separately withstand these stresses, is now one of the most 
prominent ideas which is engaging the attention of the ordnance constructors 
of the day. 


The first inventor to believe that an advantage might be gained by the com- 


plete separation in a gun construction, united in all its parts, of the tangential 
and longitudinal strains at the breech was, as far as I can judge, ‘ ‘aptain Emile 
Schultz, of the French artillery, who, as far back as 1875, shows in one of his 
illustrations of a wire gun, a design giving a practical application of this idea. 


“The above presents, in a condensed form, the present con- 
dition of construction in France. Particulars of most of these 
guns are published and can be referred to at pleasure. The 
only new guns to be developed are those of General Dard 
and Colonel de Bange, both of whom propose a 34-centimetre 
gun. Some particulars of the Dard gun have been given 
above. 

The de Bange gun is made up of an interior tube and three 
rows of hoops, and the following are some of the particulars : 
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ee centimetres... u 
WORE . ccacscoss cdetbies Siniehee Souten a eeneeeeneeeh &-eeseedtieeee tons... cy] 
CEE CE OTE cisccices cecscevownes: cvncwene esccssees seetes kilogrammes,.. 1% 
ee Oe I sititticcie tstnsttces siesncnss eraceeninncebenneean eats 450 
IO II cinatinde enedenes eqicensie emnitnvis estnise & metres... 619 
a a millimetres... 940 
SRD GE TOSI TE WO ick: tins ssciee: ccanneess:« eorsereinsaieeal ee 3 
OE SD WE GINO nicscnetccescnseccscs cicncscessineiteeienaeell a 3 
Energy expected to be developed per ton of gun....., metre-tons.,. 23 
Ly III... cnn ceeded esnieeteeieieneinninindaiaaniae tons... 2 
Weight CE GIG iscessis cecccesce cocscscvsoenes 6's ss cteteeecesseeees eeeeeedOre 30 


The high velocity and great energy claimed are said tobe 
due to some peculiarity of the cartridge. The novel feature, 
however, in the gun lies in the manner in which it is proposed 
to insure longitudinal strength by the grip of the hoops on the 
tube and on each other. The outer surface of the tube pre. 
sents a series of conical undulations; the interior surface of 
the first row of hoops corresponds with the form of that por- 
tion of the tube which they envelop, and a similar form is 
carried to the exterior of the hoop, thus continuing the same 
adjustment of parts to the third layer, the outer surfaces of 
which are shaped to suit the ordinary form of a gun. 

In this system each layer is made to break joint with that 
below and above it. The inventor is erecting a special tool of 
his own invention, said to be capable of such modifications a 
will enable it to perform all the operations of boring, turning, 
slotting, rifling, &c., for which in ordinary manufacture several 
tools are required. The developments from this experiment 
may prove very instructive, and will certainly be very inter 
esting. 


Breech Fermeture. 





All the French guns are breech-load- 
ing, and are fitted with the interrupted screw system as mode 
fied by Colonel de Bange to suit his gas-check.” * 


The French fermeture or breech-mechanism comprises the breech screw, the 


tray, the movable head, and the gas-check. 


*Gun Foundry Board Report. 
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FRENCH BREECH FERMETURE. 


A, Lug of the breech-block. I, Mushroom movable head. 
B, Lever-bolt. K, Fixed handle. 

C, Notch for latch-butt. L, Lever-handle. 

D, Screwed sector. M, Butt of breech-block. 


E, Support for the cam of the lever N, Smooth sector or guide. 


_ 


handle. QO, Latch-bolt. 
F, Safety slot. P, Latch recess. 
G, Abutment of tray. RK, Latch. 
H, Gas-check. S, Spring to release lever-handle. 


All the parts of the breech-mechanism are assembled by pins, kept in place 
by friction, 

By this means the entire mechanism can be easily taken to pieces. More- 
over, if any of the pins are lost, they can be readily replaced, on account of their 
simple form. 

When the breech is closed, the screwed sectors of the breech-block engage 
the screwed sectors in the breech. In this position the head of the lever- 














750 THE ESTABLISHMENT OF STEEL GUN FACTORIES, 


handle L enters the safety-slot F of the tray and prevents any rotary motion 
of the screw during fire. 

To open the breech, disengage the lever-handle from the safety-slot F, ang 
turn the breech-block until its movement is stopped. In this position, th. 
screwed sectors of the block face the smooth sectors of the breech, and th 
breech-block can be withdrawn. When the screw is turned, the butt of the 
latch is pushed by a projection, its upper nib being raised, and its lowe, 
engaging in its recess. At the end of this movement the tray is secured to the 
breech-hoop, and the latch is freed from the breech-block. 

In disengaging the lever, its cam bears against the tray, and starts the gas- 
check from its seat, facilitating the withdrawal of the breech-block by hand 
During this last movement, limited by a key-bolt, the breech-block is held and 
directed by the guides, the butt of the latch bearing against the body of the 
screw, keeping the lower nib in its recess. At the end of the movement, the 
block being withdrawn to its full limit, the latch is released and the tray swings 
on its hinge, throwing open the breech. : 

To close the breech, the tray is swung into its place and the breech-block 
thrust forward until its screwed sectors are opposite those of the breech. The 
screw is then turned, and if the breech is well closed, the lever-handle will fall 
by its own weight and engage in the safety-slot. 

For the heavy calibers, the breech-block is fitted with a double handle to 
facilitate the operations of closing and opening. 

The fermeture de Bange (Plate LIX.) is composed of an interrupted screw. 
block similar to the one just described. In its axis is inserted the stem D, 
figure 4, of the movable head K, shaped like a mushroom. Between this head 
and the face of the block is placed the gas-check M, or odturateur, as it is 
called. 


“*‘ Gas-Check.—The de Bange gas-check is universally em- 
ployed, the téte-mobile of which is made of crucible sted 
supplied by Thomas Firth & Sons, of Sheffield, England.”* 


It is a linen collar filled with a mixture of 65 per cent of asbestos and 35 per 
cent of mutton suet, and fits snugly around the stem of the movable head. 

The asbestos, being a mineral and not combustible, retains the suet and pre 
vents the mixture becoming fluid. The suet being soft and greasy, yields easily 
to pressure and takes the form of its casing. It also oozes through the linea, 
lubricating the sides of the piece, without injuring them. 

The collar is encased and protected with zinc rings, B, N, which maintain the 
form of the plastic material. Copper rings, O, are placed between the edges of 
the zinc rings and the breech-block on the one side, and other rings, A, between 
the zinc rings and the mushroom head on the other. They do not go entirely 
around the head, but are split open for a few millimetres, and are fitted to the 
gas-check to prevent the zinc entering the joints and jambing the fermeture. 

When the gun is fired, the pressure upon the movable head is transmitted to 
the gas-check, which is forced against the sides of the chamber, causing perfect 


* Gun Foundry Board Report. 
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obturation. C is the vent, entering the vent-bush I; E is a shoulder and Fa 
neck on the stem ; Gis the place into which the primer is inserted ; H,a note) 
for securing the outer end of the stem ; and L, a fillet on one face of the mus}. 
room. 

One of the great advantages of this system of obturation is that the 
gas-check does not require a greater diameter than that of the bore. 
It is also cheap, easily fitted, and requires no seat. On the other 
hand, there are disadvantages that prevented, for a time, its adoption 
in the French Navy. Among them are the breaking of the stem, the 
fusion of the plastic material, and the absence of any means to prevent 
the escape of gas through the vent. 

In the short 155-millimetre gun, a double gas-check has been fitted, 
one within the other. At the moment of firing, the pressure on the 
movable head is transmitted to the two gas-checks; the interior 
applies its power to the vent-bush, while the exterior exercises its 
pressure, in the usual manner, upon the sides of the chamber. 

Chamber.—-The powder chamber is cylindrical, and its diameter 
considerably greater than that of the cartridge. 

*‘Rifling.—The rifling is polygroove and _ parabolic in 
development.’’* 

The number of grooves is not governed by any fixed rule, but is 
generally three times the caliber expressed in centimetres. For 
example, the 80-millimetre gun has 24, and the 27-centimetre, 54. 
The twist is from left to right and increasing. 

** Rotating Rings.—A single rotating ring of copper is used 
for all calibers. Its exact position has been determined by 
extensive series of experiments. 

Wire Construction.—The exponent of the system of wire- 
wrapping for cannon in France is the Schultz gun. A 3¢ 
centimetre gun made on the plan of Captain Schultz was 
built up as follows: A steel tube, figure 3 (Plate LX.), was 
wrapped circumferentially with steel wire and enclosed ina 
wrought-iron jacket; the longitudinal strain and the effort 
to blow out the breech was resisted by twelve longitudinal bars 
of steel set up at as equal a tension as possible between two 
bands shrunk on over the jacket, the forward carrying the 
trunnions and the rear inclosing the breech-mechanism, 
figures 1,2. The gun was made at the works of the Com- 
pagnie de Fives-Lille in 1882, under the supervision of Captain 








*Gun Foundry Board Report. 
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Schultz, and was sent to GAvre to be fired. Owing to the 
unequal tension of the longitudinal bars, the gun failed at the 
first fire, February, 1883. The cause of the failure can be thus 
distinctly asserted, as the sound of the successive ruptures of 
the bars was recognized by those who assisted at the experi- 
ment. The charge was 242 pounds. The service charge was 
to be 264.5 pounds. Weight of projectile, 904 pounds. Six 
bolts gave way. Pressure in gun, 12.8 tons per square inch, 

Previous to its trial, and in anticipation of success, four cast. 
iron guns of 24 centimetres were sent to Fives-Lille to be con- 
verted on the same principle. They are tubed with steel as 
far as the trunnions, and are wrapped with wire. The longi- 
tudinal bars are yet to be adjusted, after which they will be 
subjected to trial, with but faint hopes of success, as the failure 
of the original gun seems to have indicated very positively 
the mechanical impossibility of securing an equal strain on the 
longitudinal bars. The contract, however, having been made 
for the conversion of the four guns above named, it will be 
carried on to its completion.’’* 

The Revue Maritime et Coloniale of August, 1881, has pub- 
lished the following relating to the system : 

A process of fabrication which we will readily term “the process of the 
future,’’ because it surely admits of conciliating relative lightness with great re- 
sistance, and therefore with great power, is the stee/-wire system. Captain 
Schultz is the convinced advocate of this system in France, the decided advan- 
tages of which were long ago demonstrated in England, both theoretically and 
practically, by the civil-engineer Longridge. 

These advantages were not lost sight of by the Navy Department, and to 
prove, in all their bearings, the merits of the system, two cannon, one of 10cm. 
(3-94 inches), and the other of 34 cm. (13.39 inches), have been placed under 
fabrication in the works of Fives-Lille. 

The principle involved in their construction may be summarized as follows: 

Ist. Division of the cannon into two parts, each of which is designed to re 
sist alone one of the two strains produced in firing, namely: the steel tube, 
wrapped with steel wire, which sustains the effect of the expansion of the gas 
in the direction of the radius only; the nut for the breech-screw, connected by 
bolts to the trunnion-band, the bolts resisting the effort to blow out the breech. 

2d. The employment of a steel-wire wrapping, put on under a determinate 
tension, for the hooping of the gun. By this process not only can the tension of 
the wire, rolled successively around the gun, be rigorously determined by 
means of a weight, a fact that cannot be definitely ascertained with the ordinary 


* Gun Foundry Board Report. 
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hooping where the shrinkage always remains more or less uncertain, but, fur- 
thermore, the good quality of the steel wire is insured, for the very operation of 
gire-drawing constitutes a test that eliminates all defects. The wire employed 
seen) semetaace of 284,000 peands per square inch, while for the ordinary 
steel hoops the resistance is scarcely 92,000 pounds, and even then there is no 
guarantee against defects. 

The plans have been drawn up by Captain Schultz in accordance with an un- 
derstanding had with the Inspector-General of Artillery. Following are some 
of the principal data relative to the two guns, viz. : 


ro cm. 34cm, 
Total length...... .esccees sessscees seresvees cesses cosssseeceseenene seeees feet, 9.68 30.41 
Length Of DOre.......0.secseees seeveecceeeenes eneeseseeeesees seneeeees do. 8.86 28.99 
Length Of DOTe.......+- sesreeeee eoeeee sihiietitini acaarieeiein Silent cinieasin caliber, 27.3 26 
Weight Of gumr........sssscccceee seseesececeeeres sone. sees seeeesees pounds, 2,704 108,379 
Weight of projectile. ......... cecceesee oe pesedes esconeens qeesqnane do, 26.4 924 


The diameter of the powder chamber is slightly greater than that of the 
bore, and its capacity is sufficient to admit of the employment of a weight of 
charge equal to one-half the weight of the projectile, with the realization of 
more than 1968 feet velocity. 


The “ Memorial de Artilleria”” of October, 1881, gave the following 
description of the Schultz 34-cm. steel-wire gun : 


The piece is composed of an inner steel tube of 5.5 inches maximum and 3.94 
inches minimum thickness, and having a total length of 31.06 feet. From the 
breech as far as the middle of the chase it is wrapped with steel wire of 0.118 
inch diameter, by which the thickness of the wall is increased 4.53 inches from 
the breech to the axis of trunnions and 2.26 inches for the remainder of the 
wire-wrapped portion. 

A cast-iron casing 0.98 inch thick covers the entire wrapped portion, the 
object of which is not to support pressures, but simply to inclose and protect 
the wires, 

The interior diameter of the chamber is 14.57 inches; that of the bore 
proper, 13.39 inches. The length of the chamber is 53.15 inches ; the total 
length of bore is 28.9 feet. 

A steel disk sg inches in diameter and 3.94 inches thick is attached to the 
piece in rear of the chamber and concentric with it. Twelve cylindrical steel 
tie-rods, 3.74 inches in diameter, connect this disk with a similar one situated 
in the axis of the trunnions, the object of which disposition is, to all appear- 
ances, to sustain the pressures on the bottom of the bore. 

In order to wrap un the wire, the tube of the cannon is placed in a simple, 
but strong machine that admits of being turned about its axis. At 13 feet to 
one side isa spindle of timber and iron, similar in form to the cannon, and 
mounted on a similar apparatus. Between the two is a trench 6% feet deep 
by 4.9 feet wide, on the borders of which work pulleys 29.5 inches in diameter. 
The wire is wound upon the spindle, whence it passes to the pulley fixed 
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on the edge of the trench, thence to a movable pulley suspended near the 
trench, carrying a 2200-pound weight, and finally to the steel tube. 

This apparatus being slowly turned, the wire is wrapped upon the tube under 
a tension of 1100 pounds, and after divers trips with the weighted pulley, run- 
ning over the trench throughout the entire length of the cannon, the Operation 
is terminated. 

The steel wire used for the 34-cm. gun has a diameter of 0.118 inch, and its 
resistance is 284,000 pounds per square inch; the total resistance will be 
2,007,880 pounds. Thus the mass of enveloping wire offers four times the re- 
sistance of cast-steel. 

The pressure extended by the wire upon the steel tube is sufficient to cop. 
tract its diameter .079 inch. 

The weight of the gun amounts to §0 tons, and although the cost cannot be 
fixed until the current fabrication is known, it would appear as if it has cost 
less than 28,000 francs. 


Of the methods of fastening the wires, Captain Schultz, in his 
specifications of patents, has given the following : 

The method of fastening must meet several requirements ; it should be suf. 
ficiently simple to occupy but little space ; it must be absolutely secure ; finally, 
the fastening must take place while the wire is supporting the coiling weight, 
and without any variation of its tension. A means of attaining this object 
consists in squeezing several wires between two pieces with corrugated sur- 
faces, figure 3 (Plate LXI.), intended to produce gentle curves in the wires, 
The squeezing of these pieces is obtained by screws or by wedges, figure 1, 
but the means to which I give preference, and which I claim as my invention, 
consists in inserting the wire into a slit, figure’2, of rectangular section, made 
in a piece of tempered steel, figures 4, 5. The width of this slit is slightly less 
than the diameter of the wire. The result is that the wire, being sunk into 
this slot, is cut against the sharp edges of the steel, two small segments are 
removed, and the wire forms a real riveting, figure 6. The pieces of steel 
forming fastenings are set transversely to a channel, figure 2 (Plate LXL), 
and figure 3 (Piate LX.), where meet the ends of the wires of all the rows. 
The wire which it is desired to fix comes on to the edges of the slit, and while 
still remaining under the tension of the weight which it supports, a blow 
from a hammer is sufficient to drive it into the slit, and the fastening is thus 
completed without any variation of the tension. 

“ For future construction, however, the system of taking up 
the longitudinal effort with bars is abandoned, and the 34-centi- 
metre gun now at GAvre is to be returned to Fives-Lille for 
reconstruction. This will consist in replacing the bars witha 
jacket shrunk on over the wire wrappings, and which, at its 
forward end, will hook over the band already shrunk on the 
gun, and at its rear end be notched into the band containing 
the breech-mechanism. 
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A gun of 10-centimetres built upon this system is now being 
experimented with at Gavre, and the results have been suffi. 
ently satisfactory to justify enlarging the chamber for the pur- 
pose of testing the gun with increased charges. 

The above exhibits the present condition of this problem in 
France.”’* 

It is rather a subject for rejoicing than of regret that, during the 
early trials of the Schultz gun, the steel rods gave way and so Clearly 
demonstrated the weakness of a method of obtaining longituding) 
strength, that seemed so mechanically impossible even with the ski 
of the French machinist and the accuracy and precision of his tests, 

The result has undoubtedly saved the large expenditure for wire 
guns, manufactured on this principle, which would have been made in 
France and other countries, the United States not excluded ; and the 
system has been abandoned, in France at least, for one presenting 
greater promise of success, and in which the /ong jacket will meet the 
longitudinal strain. 


* Gun Foundry Board Report. 
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IV. 
GERMANY. 
SouRCES OF SUPPLY AND CONDITION OF ARTILLERY. 


“ Among the places that the Board desired to visit in Europe 
was included the famous establishment of Mr. Fried. Krupp, 
at Essen, in Westphalia; and, as in all cases where it was pro- 
posed to visit private works, a letter was addressed to Mr. 
Krupp, through his agent in London, requesting the necessary 
permission. 

The permission was refused.”* 

The following correspondence relating to this subject will be 
interesting, not only because it contains Mr. Krupp’s reasons for 
denying the request of the Board, but because it points out the 
constant and natural desire to lose no opportunity of glorifying the 
power of his guns, and to conceal, if possible, the processes of manu- 
facture and the systems of fabrication. 


Brown’s Horet, Vover STREET, 
London, England, July 30, 1883. 
ALFRED Loncspon, Esa., 

Sin:—I am requested by the Board appointed by the President, under a late 
act of the United States Congress, to examine and to report on matters relating 
to the manufacture of cannon, to address you on the subject of a visit which we 
desire to make to the works of Mr. Fried. Krupp, at Essen. 

From our preliminary conversation of this morning I understand your position 
tobe at the outset as follows: That if the examination of the Board be confined 
toa study of the works for the purpose of gaining information for our Govern- 
ment, without holding out any prospect of ultimate advantage to the factory 
through purchase of material, the request for admission will not be granted. 

In reply to this I desire to state that though this Board is not authorized in 
any way to commit the United States Government to any course of action, yet 
the recommendations that it may make are entirely at its own discretion. 

The members of the Board are well aware of the great expense necessary 
before a gun-foundry establishment can be brought to a state of practical use- 
fulness ; they are also aware of the length of time that must elapse before a 


* Gun Foundry Board Report. 
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plant can be established or satisfactory work produced; and, ig it Should be 
concluded by the United States Congress to supplement the present inquiry 
directing that armaments shall be provided at once, it is very probable that the 
recommendations of this Board would be to purchase abroad, 

In such a case, the information that we might gain by a close examination of 
the manufacture of steel and the fabrication of guns and ammunition at the 
works of Mr. Krupp might greatly influence the direction of our recommengs. 
tions. 

If this view of the case will satisfy the implied condition of ultimate profit to 
the establishment, I will be glad to hear from you to that effect, and I request 
that this communication may be received as an official application for permis. 
sion to visit the works. Very respectfully, 

E. SIMPSON, 
Commodore, United States Navy, President of the Board, 
(Care of B. F. Stevens, United States Dispatch Agent, 
4 Trafalgar Square, Charing Cross, London.) 


[ Fried. Krupp’s Cast-Steel Works, Essen, Rhenish Prussia.] 
9 NEw BRoapD SrReet, 


London, July 31, 1883 
ComMMoDORE E. Simpson, U. S. N., 


President of the Gun Foundry Board, 
P Brown’s Hotel, Dover Street, W. 

S1r :—I am duly in receipt of your esteemed favor of the 30th instant, which 
accurately recapitulates the substance of our conversation yesterday. I have 
now fully laid the matter before my Essen firm, and trust in a few days to write 
you fully thereon, and trust that a satisfactory solution of the question may be 
found ; and in meantime, believe me, Sir, 

Yours faithfully, 
Pr. Pro. FRIED, KRUPP, 
ALFRED LONGSDON. 


| Fried,.Krupp’s Cast-Steel Works, Essen, Rhenish Prussia. ] 
g NEw BROAD STREET, 
London, August 13, 1883. 
COMMODORE EDWARD SIMPSON, 
President of the American Artillery Commission. 

Sir :— 1 am now enabled to reply to your valued favor of 30th of July, which has 
had the consideration of my Essen firm, and I beg to submit to you the following: 

As it is presumed that your Commission has for its chief purpose the exami- 
nation of the ordnance question in its characteristic of artillery efficiency, mort 
than as a system of manufacture, which must be secondary, there cos no 
appear to be so much necessity to see the works at Essen, where no data could 
be taken as to the value of the Krupp system as pieces of artillery. It would 
be of much higher consequence to you to examine the question of efficiency by 
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a course of practice at the artillery practice-ground at Meppen, where guns of 
different calibers could be fired for all the essential ballistic properties attach- 
ing to them. 

It is therefore proposed to place at your disposal the practice-ground at 
Meppen, and to fire there the different guns on the ground for range, accuracy, 
and general efficiency, and I shall be very glad if this meets with your accept- 
ance. It is, however, of consequence that this should be decided without loss 
of time, because we are not allowed to fire after September 1 till October 15, on 
account of the harvest in the neighborhood. It will, therefore, be essential that 
the trials take place ¢Ais month, and if you will kindly give me your decision, a 
programme shall be drawn up for, say, the last days of this month. You may 
be sure that everything shall be done at Meppen to give you every information 
upon the superiority of our system of artillery. I shall be glad to have a tele- 
gram from you as early as possible, stating your decision, as I am leaving for 
Essen on Thursday morning. 

The works at Essen cannot be seen, as these are closed to all but those who 
have special business of inspection of war material on order. 

Iam, Sir, yours obediently, 
Pr, Pro. FRIED. KRU PP, 
ALFRED LONGSDON, 


[ Telegram. ] 
NEWCASTLE-ON- TYNE, ENGLAND, 
August 14, 1883. 
ALFRED LONGSDON, 
9 New Broad Street, London, E. C.: 

The Board regrets that it will be unable to accept the offer contained 

yours of the 13th instant. Letter by mail. 

COMMODORE E. SIMPSON, 

County Hotel, Newcastle-on- Tyne. 


~~. 


n 


THE County Hore, 
Newcastle-on- Tyne, England, August 15, 1883. 
Friep. Krupp’s CAst-SrEEL Works, EssEN, RHENISH PRussIA, 
9 New Broad Street, London, E. C, 
Sik:—On the part of the United States Gun Foundry Board, I have the 
honor to acknowledge the receipt of your favor of the 13th instant, in which I 
am informed that “ the works at Essen cannot be seen, as these are closed to 
all but those who have special business of inspection of war material on order.” 
As the application of the Board was for permission to visit the works at 
Essen, your reply is therefore a notification that the request is refused. 
The members of the Board appreciate your courtesy in placing at their dis- 
posal the practice-ground at Meppen, and your offer to exhibit the firing of guns 
for range, accuracy, and general efficiency; but notwithstanding the great 
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interest that would be taken in such experiments by the members of the Board, it 
is considered that the object of their mission would not be furthered thereby, 
With many thanks, therefore, for your considerate offer to view the efficiency 
of the Krupp manufacture by means of a course of practice, we regret ou; 
inability to accept it. 

You will allow me to demur to your conclusion that “ your Commission has 
for its chief purpose the examination of the ordnance question in its character. 
istics of artillery efficiency.”” On the contrary, it has for its object more the 
“system of manufacture,” and I refer you to my letter of July 30, in which this 
view is presented. Very respectfully, 

E. SIMPSON, 
Commodore, United States Navy, President of the Board, 


[Fried. Krupp’s Cast-Steel Works, Essen, Rhenish Prussia. } 
g NEw BRoAb Street, 


London, August 16, 1883 
COMMODORE E. Simpson, U. S. N., 


President of the Gun Foundry Board, 
The County Hotel, Newcastle-on- Tyne. 

Sir :—I beg to acknowledge your esteemed favor of yesterday, which has 
been forwarded to Mr. Longsdon, who has gone to Essen. 

I have the honor to be, Sir, your obedient servant, 
For FRIED. KRUPP, 
WALTER COWAN. 
EssEN, RHENISH PRUSSIA, 
September 1, 1883 
COMMODORE EDWARD SIMPSON, U. S. N., 
President of the Gun Foundry Board, London. 

Sir :—Your favor of 15th ultimo has been forwarded to me here, and I very 
much regret that you have not accepted my desire to be of such service to you 
as I could, if not in all the objects of your mission to Europe, still to make 
yourself acquainted by personal observation of the efficiency and general char 
acteristics of my artillery, for I had conceived that at least this would have 
formed the first necessity, and that the process of the manufacture of a gun 
would have been second to the conviction as to which is really the most efi- 
cient system of artillery. 

If you recollect during our conversation in London I endeavored to clearly 
point out to you that it was hardly to be expected that the process of manufac: 
turing artillery upon my system could be shown to you, a process only arrived 
at by an immense expenditure of time and money, while on your side no com 
pensation would be guaranteed, and that we should thus be upon unequal terms; 
and from your favor of 15th ultimo I can now gather that a simple walk through 
the Essen shops would even not be all that you would require, but that the system 
of construction should be made clear to you—an amount of information scarcely 
to be expected. 
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I was sincerely desirous of giving you every means of examining my gun as 
a piece of effective ordnance, and I inclose you a programme I had proposed 
to myself should be followed, and I think you will be assured that I had every 
desire of being thus far of service to you. The outlay for such a programme 
gould be £500 at least, so that I was fully prepared to sacrifice this in your 
interest, and if you can visit the practice-ground at Meppen after 15th October, 
[will do my utmost still to show you all the courtesy and attention I can in 


, this direction. 




















| Draft of Programme for United States Commission. 
0 | ———$__—_— —_ 

Caliber, | ee of | Pauses for— | ae 

| Minutes. 
go-centimetre gun......+.++- }2 common shells..... «- ale ole | 20 
| IChange of position of frames. | 15 
aS-centimetre guN.....-e.e0 5 armor-piercing shells. aches badd daliads adtondenitanda | 50 
F common shells........ ledeaedceneseneeneceoeseveen bs 2s 
Change of position of frames. .| 15 
| is{-centimetre gun.......... 5 common shells........ | eencecceceescscces coeseecesete 30 
= eeseeecoecosncsseseses 15 
1g-centimetre mortar......... s common shells........ | SdSCocCcesscecnces coosesscsoes 1S 
5 shrapnels.......+++++- Ss sieiiees iain seemiesiialaniel Diabial | 25 
|Rest, including advance ...... 120 
8.p-centimetre gun...........+ 5 shells, 5 diate BE00es Cocece. cocescccocsooeces 40 
Light 7.5-centimetre gun.. cols shells, 5 shrapasis.....| PITITITITTTT TTT TTT TTT | 30 
7.§-centimetre mountain gun I. shells, 5 ie PTTTITITITIT TTT TTT TTT | 30 
15.§-centimetre shield gun.... a a | 600000 000eee 0000s cosesecoeees | 20 
ig-centimetre pivot gun ..... . Shells..ccccccccccccess | PTTITITITIVITTT TTT Tr TT | 20 
| _ 





470 minutes = 7 hours so minutes. 


Should you desire to have a series of reports of trials with my guns of 
various calibers, showing their capabilities, I shall be happy to have a collec- 
tion of them made for your disposal. I am, Sir, yours, very truly, 

Pr. Pro. FRIED. KRU PP, 
ALFRED LONGSDON. 





PARIS, FRANCE, September 17, 1883. 


Faiep. Krupp, Eso., 
Per Alfred Longsdon, Esq., 
Essen. 
Sik:—On my return from an extended tour in France, I find your favor of 
the ist instant, which I have laid before the Commission, and to which I 
hasten to reply. 
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/ The “draft of a programme for the United States Commission,” inclosed in 
| your letter, is of a most elaborate character, and very strongly confirms the 
statement therein that you were desirous of giving the Commission “every 
means of examining my [your] gun as a piece of effective ordnance,” and it is 
) hardly necessary for me to repeat that such an exhibition would be of the 


== 
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greatest interest personally to the members of the Commission. The eg. 
1} mated outlay for such a programme (£500) impresses us with the extent of the 
sacrifice you were prepared to make in this regard in the interest of the 
Commission. 

' The question of the effectiveness of the Krupp gun as a piece of ordnance, 
however, is not one which at this day can be disputed, The battle fought a 


= 


= 


Meppen in 1879, though bloodless, and without an enemy in the field, settled 


bo 


this question most decidedly, and you cannot suppose that the members of this 

Commission are ignorant of the results that have ensued. It is to be regretted 

that no representatives from the United States assisted at those experiments; 

but the results are known throughout the world. To witness a partial repeti- 
tion of them would be excessively interesting, but it would impart no new 
information. 

You will thus see that a “ personal observation of the efficiency and general 
characteristics of my [your] artillery ’’ was not necessary in order to satisfy us 
of its power; and as the time at our disposal was limited and our course of in- 
vestigation indicated, we were forced to suppress personal inclination, and to 
conclude that time spent as you proposed would not be justified by the especial 
object of our mission. The courtesy of your proposition was thoroughly recog- 

} nized, and I trust that our reasons for declining your modification of our request 
1 are accepted as a necessity arising out of the circumstances in which we are 
. placed, 

| After being notified by you that the “‘ works at Essen cannot be seen, as 
| these are closed to all but those who have special business of inspection of war 
material on order,’”’ the Commission established for itself a programme, includ- 
I ing a visit to the Aboukhoff Works at Alexandrovsky, which will prevent it 
from entertaining the idea of visiting the practice-ground at Meppen after the 
1§th of October, as suggested in your favor of the Ist instant, to which this note 
is a reply. 

In conclusion, I desire to say that this Commission, though organized by act 
of Congress, and with its members appointed by the President of the United 
States himself, does not presume to question the perfect right of the authorities 
of any establishment to exclude it from its premises. Such rights are exercised 
by Governments, and such action is within the rights of any private corpora 
tion, and I deprecate the impression that may be conveyed that the non-attend- 
ance of the Commission at Meppen is the result of its exclusion from Essen. 

The Commission is organized as a Gun Foundry Board; its essential work 
concerns itself with the arrangement of shops, the selection and position of 
a tools, machines, &c.—in a word, with “installation.” Matters of manufacture 
of metal, construction of guns, &c,, come in as incidental, and bear much onthe 
special object of its mission; but gun-fractice is a luxury which can only be 
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indulged in when the more essential features of its work do not engage the 


attention of the Commission. Very respectfully, 
E. SIMPSON, 


Commodore, United States Navy, President of the Board. 


“ From the above statement it will be seen that the Board is 
unable to submit any information founded upon personal ob- 
servation. For the general purposes, however, of this report 
the following statements will be appropriate : 

With the exception of the small gun-factory at Spandau, 
near Berlin, where a limited number of cannon up to 15 centi- 
metres and some rifled mortars are fabricated, the source from 
which the armaments of Germany are supplied is the establish- 
ment of Mr. Fried. Krupp. The Government has no control 
over the works ; consequently the principal dependence is on 
this private company. Owing to the great enterprise exhib- 
ited in the management, and to the support of the Govern- 
ment, the establishment has, for many years, enjoyed a mono- 
poly of the manufacture of cannon for Germany, and it has been 
enabled to furnish guns to many other powers, notably to 
Russia.” * 

It is to be regretted that the Board was refused permission to visit 
the works at Essen, when every other establishment in Europe, pro- 
ducing gun material, so generously and courteously opened its doors. 
The Board was undoubtedly denied the privilege of obtaining much 
valuable information from their recent development and present con- 
dition. 

Many descriptions of Mr. Krupp’s steel works have been published, 
but nearly all have emanated from him or from his assistants, and 
simply praise the methods and productions without giving any reliable 
facts in regard to the manufacture or fabrication. Two members of 
the Commission, however, had previously visited Essen, and there 
exists information obtained from other visitors. 

The situation of Essen has greatly aided Mr. Krupp in his success. 
Surrounded by railroads, near the Rhine, and in the midst of excel- 
lent coal-mines, producing the most suitable material to be found in 
Germany for metallurgic purposes, it can be speedily and cheaply 


supplied. 


* Gun Foundry Board Report. 
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In the last century it belonged to a lady abbess, but after 1815 it 
came under Prussian rule, and more than fifty years ago discovered a 
workman, Mr. Fried. Krupp’s father, who established a small factory, 

Like Creusot, the little village did not at first contribute much to 
the growth of the establishment, for the workmen had to be sought 
in all parts of Germany ; but Essen and the surrounding towns have 
grown rapidly, until to-day the country resembles the St. Etienne. 
St. Chamond section of France, in chimneys, smoke, and indus. 
trial activity. 

The following extract from the report of Consul J. F. Potter, of 
Crefeld, December 18, 1883, will give some information that was com- 
municaced by Mr. Krupp, his assistants and engineers : 


Mr. Krupp’s unceasing efforts to produce a quality of cast-steel perfectly 
adapted to the manufacture of fire-arms dates from the year 1840. In 1847 he 
constructed a three-pounder steel gun, which was sent to Berlin. In the year 
1849 this gun was there tested in the presence of a committee on ordnance 
composed of Prussian artillery officers, and the results were satisfactory beyond 
expectation. 

This gun, as well as others made soon after, was a smooth-bore muzzle- 
loader. The bronze and cast-iron guns of that date served as models. 

The first steel rifled cannon were manufactured for the Berlin Government 
in 1855. These guns were at the beginning constructed with double wedge and 
piston fermeture, after models approved by Prussian artillery officers. 

In 1851, Krupp sent to the international exhibition at London a steel casting 
weighing 42 tons, and a 6-pounder cast-steel cannon, which were regarded at 
that date as remarkable for solid steel productions. 

In 1855, he exhibited in Paris a 12-pounder steel shell gun, and in 1862 pro- 
duced a steel casting weighing 20 tons, and steel cannon weighing from 650 Ibs. 
to g tons. 

In 1867, Krupp constructed a 14-inch cannon weighing 50 tons, which was 
tested thoroughly, producing surprising results. 

Crucible steel, in Krupp’s works, is produced in the following manner: 

From the iron-ore mines belonging to the firm, are selected the purest ores, 
and those which are known by tests and experience to be most suitable for 
crucible steel. In blast-furnaces especially constructed for the purpose these 
ores are converted into pig-iron of a peculiar chemical composition. By the 
puddling process this iron is changed into steel and wrought-iron containing @ 
fixed quantity of carbon. The puddled steel is then rolled into bars of three 
fourths of an inch square, and these, after being tempered, are broken into 
small pieces from 2 to 4 inches in length. 

fhe wrought-iron is rolled into bars one and one-fourth inch broad and one-third 

an. inch thick, and are then also cut into 2 to 4-inch pieces. By competent 
men each of these small pieces is carefully examined as to its proportions of 
carbon, and when the examination and the selection of the proper pieces art 
completed, this constitutes the material destined for the crucible. 
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In order to obtain from it a product containing a fixed percentage of carbon, 
it must be previously calculated what are the proportions of special qualities 
of steel and wrought-iron that are to be put into the crucibles. These quanti- 
ties are carefully weighed, and each crucible receives about 84 pounds of the 
materials. 

The crucibles are made by an improved process from materials particularly 
adapted to the purpose. They must be strong enough to endure the pressure 
of the contents in cold, and in heat of about 2000 degrees, and so solid and clean 
as not to impart any foreign substance to the steel which is melted in them. 
Upon the proper construction of these crucibles largely depends the success of 
guncastings. The process of making them is one of the secrets which is most care- 
fully guarded in the Krupp establishment, After being filled and hermetically 
closed, the crucibles are subjected to a preliminary warming, and are then put 
into melting furnaces especially constructed to receive them. 

The process of casting requires, under the Krupp system, great skill on the 
part of the workmen, who are carefully trained for the purpose. Sometimes 
1200 men are required at the same moment to aid in casting a 60-ton steel 
casting. They must carry, with great caution, 1500 or more crucibles to the 
place of casting, and the slightest inattention may cause not only the failure of 
the casting, but result also in serious accidents to persons and property. Even 
after the metal is poured into the mould, great care and watchfulness are neces- 
sary in order to secure complete success. The castings are cylindrical in form, 
and the various parts of the gun are formed from them by forging, which has 
the double purpose of greatly improving the metal, and, of course, giving it 
shape. Great difficulties are encountered in performing this work. Prepara- 
tory to forging the great ingot, it must be subjected very slowly to a certain 
and precise degree of heat, which shall be exactly equal throughout the entire 
mass. 

The forging process requires vast arrangements, on account of the immense 
weight of the pieces which are to be handled, one of which sometimes weighs 
more than 60 tons. The steam-hammer now in use for this purpose weighs 50 
tons, and has a stroke of 10 feet. Another hammer is now being constructed 
of much greater efficiency, weighing about 150 tons, which will cost over ten 
millions of marks, or two and one-half millions of dollars ($2,500,000). 

Mountain guns are finished in two months after work on them is commenced, 
while two years are required to manufacture a 16-inch gun of 35 calibers length. 

Mr. Krupp is now engaged in constructing upon the same principle as the 
gun above mentioned, 4o-centimetre (16-inch) guns, of 35 calibers length, weight 
121 tons, for the Italian Government. Ten guns of this latter description have 
been ordered, it is said, at a cost of 894,000 francs each, for the purpose of 
coast defence. 

It is also stated that the Chinese Government have ordered guns, for coast de- 
fence and navai purposes, of similar dimensions and power, which are in process 
of construction at this time by Mr. Krupp. 

The following statistics show the present extent and capacity of Krupp’s works, 
and the rapidity of the increase in their dimensions within the last ten and 
twenty years : 
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In 1860, the number of workmen employed at Essen was 1764; in 1870 the 
number had increased to 7084. 

The total number of persons employed at this time is about 20,000. 

The number comprising the families of those employed in the establishment, 
including 13,000 school children, is 45,776, making a total of 65,381 persons de. 
pendent upon the works for support. Of this number 19,000 live in dwellings 
belonging to the firm of Krupp. 

At present Krupp’s works comprise the following departments : 

. The great establishment at Essen. 

. Three coal mines near Essen and Bochum. 

Five hundred and forty-seven iron-ore mines in Germany. 

Various iron-ore mines in North Spain, near Bilbao. 

Four blast-furnace works near Duisburg, Neuwied, and Sayn in Prussia, 
Practice grounds for gunnery trials at Meppen, 10% miles long. 

. Practice grounds for gunnery at Dalmen, 4% miles long. 

. Four ocean steamships. 

Various clay and sand-pit quarries, 

In the departments numbered I to 5 there are in active operation at this date: 
11 blast furnaces; 1542 other furnaces of different kinds ; 439 steam boilers; 
82 steam-hammers from 1 to 50 tons weight; 21 rolling mills ; 450 steam en- 
gines, from 2 to 1000 horse-power each, together makinz 18,500 horse-power, 

The total production of the Essen works alone, in 1881, amounted to 260,000 
tons of steel and wrought-iron, which was worked up on the premises into war 
and “ peace materials ’’ ready for use. 

The consumption of coal amounts to 3100 tons per day. 

About 1500 tons of iron ore are daily worked off in the blast furnaces, 

To perform the work at the Essen works alone there are required 36% miles 
of railway track ; 28 locomotives ; 883 cars; 69 horses and 191 carts; 40 miles 
of telegraph lines, 35 stations, and 55 Morse machines; 1 chemical and one 
physical laboratory ; 1 photographic establishment ; 1 lithographic establish- 
ment ; 1 printing office, with 3 steam and 6 hand presses ; 1 book-bindery ; and 
a standing fire brigade of 63 men who do no other work. 

To the supply establishments belonging to the works, which are maintained 
for the benefit of employees, in 1882 goods to the value of nearly 4,000,000 of 
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marks were delivered. 

These establishments comprise 1 hotel (an excellent one); 8 beer saloons; 1 
seltzer-water saloon; 1 steam flour-mill; 1 large bakery; 1 slaughter house 
and butcher shop; 1 tailor shop; 2 shoemaker shops, and 46 retail stores, 
where employees can purchase at cost prices, § per cent added. 


More than 3000 well-built dwellings have been erected for the work- 
men and their families. Robert P. Porter, in his notes on “ Industrial 
Germany,” has described the dwellings and surroundings in the follow- 
ing extract : 

The buildings have two or three floors, are constructed partly of stone and 


partly of frame-work, and are surrounded as much as possible with gardens. 
The single dwellings, which, besides cellarage and garret, have from two to 
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four rooms, are self-contained and separated from the other dwellings. The 
letting to lodgers is permitted only in dwellings of three to four rooms, and must 
receive the special permission of the central committee appointed for main- 


taining cleanliness and order. Even in a place like Essen, which is above the 


average, there is a marked difference between the Continental and American 
’ 


workingman, and the condition of workers here will not compare with the 
advanced condition of the artisan in such places as Johnstown and Pullman in 
our own country (United States). The single men at Krupp’s works are provided 
for in a large boarding-house, capable of keeping 1800 boarders. There are sick 
and pension institutions, out of the funds of which, temporary support and pen- 
sions are paid to members who have been disabled in the service of the firm, 
or to their widows ; also to those who have worked for many years and are too 
old for further service. There are also a hospital, bathing establishment, life 
insurance union, and primary and industrial schools, all connected with the firm. 


In 1859, Mr. Krupp planned his 50-ton hammer, foreseeing that such 
an instrument for forging would give him a great advantage over 
other steel workers. An excavation was made to solid rock, and 
upon a foundation of masonry, heavy oak beams were placed to 
receive layers of cast-iron, made in cylinders cast in segments, and 
firmly joined together. Upon this substructure the anvil-bed was 
secured, the whole forming a platform upon which rested the movable 
anvil-blocks of the various forms required. 

The hollow cast-iron supports of the hammer are secured to the 
anvil-foundation. They are curved, are 9.8 inches thick, and have a 
maximum circumference of 19 feet 6 inches, widening and flattening 
as they meet over the anvil. The legs are 23 feet apart, and 16 feet 
5 inches high, measured from the under side. 

A series of separate vertical foundations have been constructed 
around the bed to isolate it from that portion of the ground that bears 
the supports of the steam-cylinder. Mr. Krupp considers that this 
arrangement has added a great deal to the successful working of the 
hammer, but the vibrations are very severe, and are felt at a great 
distance from the works. 

The cylinder has an interior diameter of 5 feet 11 inches, and the 
stroke of the piston is g feet 10 inches. To prevent accident, all of 
the parts were constructed of very large dimensions. The face of the 
tup is steel. All of the parts of the hammer and its accessories were 
manufactured at Essen. 

Four 50-ton cranes serve the hammer. The heating-furnaces are 
fitted with movable soles, are g feet 11 inches high and 8 feet 2 inches 
wide, 

The cost of this hammer is said to have been 2,800,000 francs. 





ea a aes 


Rn ag SE 


eas 


Se 


<> 


oo epee ae 





< Te penitent’ 


ee 


: 


7 gts tat 


ee 











77° THE ESTABLISHMENT OF STEEL GUN FACTORIES, 


“ As to the condition of the steel manufacture as relates tp 
cannon, it is known that it was the practice to cast gun j 
exclusively of steel prepared in crucibles ; ingots of the weight 
of 80 tons have been cast from crucibles more than 12 years 
ago. The Board is not able to state whether gun ingots are 
now cast exclusively from crucibles or whether they are now 
made from open-hearth furnaces.” * 

It has been recently stated, however, by visitors that Mr. Krupp 
continues to use crucible steel alone for ordnance purposes because 
he considers it the best. But as this information was given by Mr, 
Krupp’s representatives, at the same time that he stated “it was 
hardly to be expected that the process of manufacturing artillery upon 
my system could be shown to you,” it cannot be accepted as indicat- 
ing in any way the kind of steel he does use. 

When we consider the advances made in the manufacture of Ger- 
man ordnance, it is improbable that Mr. Krupp still adheres to the 
use of crucible steel only when he has a dozen open-hearth furnaces, 
some fitted with rotary hearths; and, too, after it has been shown that 
all the skill and caution, in the individual handling of pots containing 
less than a hundred pounds of metal, cannot compare with the me- 
chanical improvements of the open-hearth process, which produces 
such uniform results. The existence of a plant of 1500 crucibles un- 
doubtedly has more bearing upon the question of its use by Mr. 
Krupp than the fact of a superiority of material. 

Mr. Krupp’s success in ordnance is largely due to his early accept- 
ance of steel for all the parts of a gun, and to his careful inspection 
and acquisition of the improvements and inventions of manufacture 
and fabrication, which the liberality of the German laws permitted 
him to use, in some cases without remunerating the patentees. 

Of his steel plant, Holley, in 1881, gave the following : 


There are 12 open-hearth furnaces, of which from 4 to g are running, accord- 
ing to the state of orders. During three years, nearly all the open-hearth steel 
produced in these works was made from about 5 tons of washed pig and 2 tons 
of scrap per open-hearth furnace heat. The open-hearth charge usually con 
sists of 5 to 5% tons of washed pig and 2 to 2% tons of scrap, not pre-heated. 
With this charge, a half-ton of ore is used in the furnace ; but with a7 to & 
ton charge of washed pig, without scrap, one ton of ore would be used. Some 
8-ton heats, with 3 tons of scrap, were observed. The time of making a 7-ton 
open-hearth heat averaged 7 hours, and the time of repairing the furnace be 


* Gun Foundry Board Report. 
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tween heats was about one hour. The increased output, by using washed pig 
jn the proportion mentioned, as compared with the old pig and scrap process, 
jg about one ton per furnace per shift. The waste of iron is also considerably 
decreased by reason of the low silicon, The principal products are tires, axles, 


plates and forgings. I saw, nearly completed, a new ram or stem-post for the 
, . 


jonclad Koenig Wilhelm ; it was a complex forging from open-hearth /fluss- 
fisen containing 0.08 carbon, and made from washed metal. 

The Krupp washing furnace is a regenerative gas-furnace. It has a Pernot 
revolving hearth, of 12 feet external diameter and 3 feet depth. The four re- 
generator chambers have 780 cubic feet capacity, which is about the same as 
the average regenerator capacity of open-hearth steel furnaces of equal tonnage. 
The lining is 13 inches thick on the sides, andg inches on the bottom, thus giving 
a hearth 9 feet 10 inches by 2 feet 3 inches deep. The lining is composed 
of lumps of highly refractory ores roughly fitted together, the interstices oeing 
filled with fine ore, and the whole being glazed at a melting temperature. Large 
jumps are placed on the sides and smaller lumps on the bottom. When the 
fine ore has melted and run between the lumps, more fine ore is put on and 
melted, until the lining becomes monolithic. The hearth is then fettled. ~ 

The fettling averages 20 per cent on the pig-iron charge, but more is used 
with irons very high in phosphorus. The charges run out very clean and hot. 
after each heat, the gas is turned off for five minutes while the tap-hole is 
turned on the high side and recressed. ‘The bottom sides, or lower part ofthe 
slopes of the hearth, which have been most eaten out during the process, are 
then filled with fettling ore wet up with just enough water to make it stick to- 
gether, so that it can be readily handled, and so that it will not blow over the 
tegenerators. A long-handled, large, shallow spoon is placed across a bai in 
the charging-door. One workman shovels the fettling into the spoon ; another 
throws it out of the spoon against the slope. After each two or three spoon- 
fuls, the hearth is revolved a little, so that the fettling is always conveniently 
dropped in the same place relatively to the door. This operation occupies 16 
toz0 minutes. The fettling first put in is red by the time the last is in place. 

The fettling should contain a minimum of silica, 6 per cent, and a maxi- 
mum,15 percent. If the silica exceeds 15 per cent, or if the silicon in the pig 
exceeds 1 per cent, it is best to add as much lime as there is silica in the ore (a 
little lime is always useful); if the silica is less than 6 per cent the fettling 
will not adhere. 

The maximum temperature, which is above high puddling heat, but consider- 
ably lower than open-hearth steel heat, is kept up between, as well as during 
the operations ; this temperature slightly melts the surface of the fettling, and 
sometimes melts furrows 2 or 3 inches deep in the less refractory parts. 
During this time, the hearth is revolved 3 or 4 turns per minute. 

The charge is from 5 to 7 tons—usually §tons. Messrs. Bender and Narjes, who 
have developed the process, insist that at least 0.30 per cent of manganese is 
essential to the most economical result, even if it has to be added in the shape 
of spiegeleisen. They prefer 1 per cent manganese. It seems quite certain 
from analysis, that manganese protects carbon from oxidation, and so keeps 
the bath very hot and fluid until the phosphorus is removed. Carbon should 
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also be as high as possible ; at least 2.7 per cent. Silicon should be as low as 
possible. If it is higher than 1 per cent, lime must be added ; there is a greater 
waste of fettling, and the operation is prolonged. The silica in the slag must 
be less than 20 per cent; if it runs from 20 to 30 per cent, it so impairs the 
basicity of the slag that only 20 to 30 per cent of phosphorus can be got out 
of the iron. 

For steel, the pig-iron used averages 0.70 to 0.80 in phosphorus ; this element, 
after washing, is reduced to 0.10 to 0.15, and may be still further diluted by 
pure scrap. Silicon and manganese are reduced to traces. A large amount of 
fluss-eisen is made containing phosphorus, 0.15 to 0.20; but the carbon is about 
0.08 and the silicon very low. This metai has an elastic limit of 15 to 18 tons, 
an ultimate tenacity of 26 to 30 tons, and an elongation of 23 to 29 per cent, 

In the washing process, the charge begins at once to bubble in the Perot 
hearth, from the mechanical action of the pouring. As soon as it is all in, the 
revolutions of the hearth are increased to 11 per minute. Large blotches of 
slag soon appear, with iron spouting through; but this is no criterion of the 
state of the bath. Usually in 2% or 3 minutes from the time the iron begins 
to run into the furnace the bath rises and the slag flows more or less out of the 
joint between the revolving-hearth and the roof. If the slag rises earlier than 
2 minutes, the speed of the rotation is decreased. The rising of the bath 
somewhat represses the bubbling. The rising lasts about 2 minutes; and after 
it has fallen a little, the carbonic oxide, with its characteristic flame, begins to 
blow out; the bubbles on the surface of the bath increase largely in diameter, 
up to 6 or 8 inches, and are broken here and there by iron breaking through; 
the ebullition seems a little more sluggish than that at the first stage of the 
operation, but the bubbles are much larger, and increase more and more 
in size and number as the operation advances. The spouting iron, towards the 
last, rises from 6 to 10 inches above the bath, and presents the appearance of 
a miniature forest of trees. The bubbling is not, however, as lively as that of 
the pig-and-ore bath, because the temperature is lower. The close of the opera 
tion is indicated by a rather sudden and voluminous generation of carbonic 
oxide, and of spouting due toits release. The tap-hole is then brought around 
to the spout, and the furnace is tapped as soon as possible. Flame constantly 
blows out of the openings in the furnace, from three causes—the slight gas 
plenum, the rapid revolution of the hearth, and the generation of carbonic 
oxide. 

The time of the washing operations witnessed averaged between five and 
eight minutes. Rich fettling of course shortens the time. The tapping, from 
stopping the rotation of the hearth to opening the tap, averaged two minutes, 
and the time from stopping the hearth to filling the ladle for the open-hearth, 
or the pig-bed for puddling, averaged five minutes. 

The washed iron invariably runs out much hotter than when it went in; 00 
iron nor slag remains in the furnace. The ladle for one line of open-hearth 
furnaces stands in a pit about 20 feet from the tap-hole ; the other ladle is 
about 50 feet away. Some slag runs out with the last of the metal ; this runs 
over the ladle into a spout which conducts it to a slag-pit in the floor. When 
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the metal is all out, a section of the furnace spout is moved laterally, to run the 
bulk of the slag into a pit. One ladle sits in a car which is raised to the 


general level by a hydraulic lift and is then drawn to the front of the furnace; 


the ladle is tapped into a spout 12 feet long, leading into the furnace-door. 
The other ladle is raised out of its pit by a locomotive crane, which also 
transports it to the furnace. The metal may be held in the ladle twenty 
minutes without perceptible chilling. The pig-bed for receiving washed iron 
for puddling begins about 20 feet from the furnace tap-hole, The slag that 
runs out with the metal is partly stopped by a skimmer and partly run off the 
endof the sow. When the metal is all out, a section of the spout is moved 
laterally to run the slag into a pit, or the furnace tap-hole may be moved 
laterally, to run it on the floor, These arrangements are obviously not so 
convenient as could be made in a new plant. The heat radiated from the 
stream of very hot washed metal, and more particularly from the voluminous 
slag, if it spreads on the floor, is very great. It is important, therefore, to 
provide pits in which the slag may be concentrated; from such pits it may 
also be removed with the minimum of labor. The space on the tapping side 
should be large and well ventilated. 

The proportion of phosphorus eliminated by this process is not so great as 
by the Thomas & Gilchrist (Basic) process; the efficiency, however, of lime 
linings and additions in the open hearth is yet to be tested. The Krupp 
washing has little or no value in connection with the Bessemer process. The 
Siemens direct process also yields a material adapted to the open-hearth, more 
free, not only from phosphorus, but from carbon, than the Krupp washed metal, 
and in better condition to be converted rapidly into steel, but it must be 
admitted that this process is cheap, uniform, and convenient, and it is no 
longer in any sense experimental. 

The old Bessemer plant of 5 vessels is naturally of the worst English type, 
as it was one of the first in Europe. The new plant has 4 vessels in one row, 
and four in an opposite row, with one at the end, and a common low pit or 
series of pits between. This is bad enough, but the rows of cupolas on both 
sides make the temperature and the inconvenience almost intolerable. As no 
blast-furnaces are near, no direct metal is used. There are 8 cupolas with 
fore-hearths, each having 6 feet internal diameter, and two 16 by 18 inch 
tuyeres—a very wide and apparently successful departure from general practice, 
as the furnaces melt 12% pounds of pig per pound of coke. The vessel 
bottoms are rammed around rods, from a clay and ganister mixture, which has 
been got at by long experimenting. The bottoms are dried—not burned—and 
generally last about 30 heats. The air-holes are inclined, to give a spiral 
motion tothe bath. Ingots are top-cast through 34-inch nozzles. 

Siemens gas-producers are employed with improvements in charging and 
pre-heating apparatus. 


“The following is the present condition of the German 
artillery, taken from official sources: 
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, : Calibers, 
$-centimetre pivot-cannon ....... eer 
8.4-centimetre field-gun ... ....... .........0 25.6 
i | ID cebcenetcbdctnscececeniscntine 
H | 10.5-Centimetre.........00.-.sceee- ‘ 
I pis cicccnicepenndsnneresameenel 35 
10.7-centimetre pivot-cannon............-.200 
12-centimetre, navy and coast, light......... 25 
SSRs 000s scvesenes :0s0000. casecsennenen 30 
i} 15-centimetre pivot-cannon 
i} 15-centimetre siege-gun...... .........e eens 
| 15-centimetre, navy and coast... ........... 25 
NR asksknn ceccctesiresececcescenessenns 30 
15-centimetre, navy and coast..............+ 35 
I sttintinicincedsccincinnsncsasscaniabeins 30 
SE-COMTUMEITES MOFAF .....00000.00000scescesceees 
24-Centimetre, 19 tONS............-.secesescesees 30 
D4-COMMMMGITS, FT COMS........0ccccc0rccccressccs 8 
26-centimetre ....... shapnshnkacbeneisscenesouiiia 35 
I cininitasnanecssccdncsscnncecssceuie 35 
30.5-centimetre, light, 32 tons. ...........6 25 
30-5-centimetre, heavy........ .....ceccsessseee 25 
30.5-Centimetre, 43 tOMS...........00. eeceses . 9 
30.5-centimetre, navy and coast, 48 tons... 35 
35-5-Centimetre, §1 tOMS ............ secescseeee 25 
35-5-centimetre, 68 tons......... .....06 vines 30 
35-5-Centimetre, 76 tOms............sceeeeseees » 35 
4O-CENTIMEITE, 72 TONS..........0cccescsvesseeee 25 
40-Centimetre, 97 tONS......... ..scessesececeees 30 
40-centimetre, 109 tOMS...........cceecees cece i 


Plate LXII. represents a 30.5-centimetre Krupp breech-loading 
rifle mounted on a coast carriage and fitted with all its accessories for 
manipulation. 

“The power of the Krupp gun is best illustrated by the 
reports of firings that took place at Meppen in 1879 and sub- 
sequently. These reports are available for reference.” * 

Plates LXIII., LXIV. represent the results of experiments that took 
place at Meppen on the 28th and 30th of March, 1882, and illustrate 
the power of the Krupp 15-centimetre B.L.R. The target consisted 


* Gun Foundry Board Keport. 





















ing 
jor 
the 
sub- 
ook 
rate 
sted 
































nts ep ap ee beeapyg lia 


‘ } 
HARI A 
































Miah 


}--— Lae 
















































































=“s3s 6 Bs 2 














GERMANY. 77 
of two 7-inch wrought-iron English armor-plates, with 9.84 inches of 
gak between. The projectiles were two steel battering shells. The 
angle of fire was perpendicular to the plates. The range was 164 
yards; the charge of powder, 37 pounds; the weight of projectiles, 
"2 pounds ; initial velocity, 1770 feet. 

Plates LX V., LX VI. represent the results of experiments with the 
same gun, under similar conditions, except that the target, in this case, 
consisted of one 8-inch wrought-iron English armor-plate backed 
with 9.84 inches of oak and an inner iron skin of 1-inch thickness. 
The angle of fire was 35° with the perpendicular and 55° with the 
plane of the plate. 

“The materia/ used in the construction of the Krupp guns 
is steel. 

The system of construction is that of a built-up gun, with 
tube and hoops. In the larger guns of latest design the first 
hoop shrunk on the rear of the tube is lengthened (Plate 
LXVII.), resembling the jacket of the Vavasseur design. 






























































KRUPP CYLINDRO-PRISMATIC FERNETURE. 
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The fermeture, page 775, is the cylindro-prismatic wedge, 
modified from the original invention of Mr. Broadwell, and 
adopted by Mr. Krupp. The gas-check is also the invention 
of Mr. Broadwell and bears his name.” * 

Captain Gadaud, in his “ Carnet de Notes et Renseignements” for 
1881, states the following concerning the German artillery : 

The cannon for the German Navy are constructed by Mr. Krupp, at his 
Essen Works. They consist of a steel tube strengthened by hoops of the same 
material. There are two systems; in the latter, the hoops are more numerous 


and smaller than in the former. 
The chamber is eccentric ; that is, its axis does not coincide with that of the 


tube; the lower surface of the chamber is on a level with the lower surface of 
thetube, figure 2. This is done soas not to require the projectile to rise, as in 


figure 1, in order to enter the tube. 


Fig 1. 












































B. A. axis of bore. C. A. axis of chamber. P. A. axis of projectile. 


*Gun Foundry Board Report. 
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The Broadwell ring is employed for a gas-check, and the breech is closed by 
a cylindro-prismatic wedge, page 775, which moves horizontally in an opening 
in the breech. This lateral movement, by which the breech is opened or 
closed, is produced in the large calibers by an endless screw. A loading-tube 
is used for guns of 15 centimetres and above. In the smaller calibers, the 
extremity of the wedge is pierced for the entrance of the charge, In every 
case a screw assures perfect fermeture or release of the wedge. 

The vent is in the wedge and a prolongation of the axis of the piece, when 
the breech is closed. The friction-primer is a cylinder containing a hammer 
actuated by a spring and trigger. It screws into the vent and terminates ina 
case composed of two parts screwed together; one contains the friction 
material, and the other, the pin that receives the blow from the hammer and 
transmits it to the detonator. 

The grooves are spiral and increasing. The rotating-rings, wl e com- 
posed originally of lead, are similar to those we (the French) adop‘ed in 1870, 

In many of the Krupp guns, the rifling is cuneiform and progressive, the 
width and depth of the grooves diminishing towards the muzzle, This 
arrangement compensates forthe wear on the rotating-ring. 

The projectiles are of steel and chilled cast-iron. They are usually three 
calibers long, but sometimes attain a length of four calibers. 

While the largest gun being fabricated at Essen had a diameter of bore of 
40 centimetres, among others it is proposed to manufacture one of 46 centi- 
metres caliber, to weigh 124 tons, and firing a projectile of 2320 pounds. The 
increased length of bore and longer projectiles are important changes in the 
Krupp development. 


“The Board can give no information upon the subject of 
wire-construction in Germany.’”* 
Krupp’s wagon-truck for the transportation of his 71-ton and 
heavier guns differs materially from other constructions in that the 
axis of the gun is carried much higher, and a double truck is em- 






































KRUPP’S WAGON-TRUCK AND 4o-Cm. B. L. R. 


* 


Gun Foundry Board Report. 











LSS 


= se re 




















PLATE LXVIII. 





Primer ea 





Scale 1:2000 

















PLAN OF KRUPP’S FIRING-GROUND AT MEPPEN 
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ployed whereby the platform pivots as the bogies follow the curves 


of the road. 
With the range of 8000 yards at Dalmen, Westphalia, and the 


fring-ground at Meppen, Mr. Krupp has provided ample means for 
testing and proving his ordnance; and, at the latter place, probably 
has the largest and best equipped proving-ground in the world. 

As will be seen in Plate LX VIII., it is perfectly arranged, and fitted 
with platforms, targets, sheds, magazines, laboratory, signals, tele- 
phones, and chronographs with their connecting wires, repair shops, 
and observation towers—everything necessary for a perfect service. 
It is 103 miles long and 23 wide. 

“The essential point to be observed in this notice is that 
the main supply of the artillery of Germany is drawn from one 
private firm. In this respect the method differs from that 
followed either in England or in France. It goes without 
saying that the Government pays a high price for the manu- 
factured article.’’* 

The superiority of open-hearth steel for gun material, the enormous 
cost of his guns, and the secrecy observed, even in the case of in- 
spectors of “‘ war material on order,” have influenced many foreign 
governments to cease giving orders to Mr. Krupp, and Italy and 
China appear, at present, to be the only powers that are making 
any very great demand upon the resources of Mr. Krupp’s great 
establishment at Essen. 


*Gun Foundry Board Report. 























V. 
RUSSIA. 


SOURCES OF SUPPLY AND CONDITION OF ARTILLERY. 


The very polite attentions always offered in Russia to the citizens of 
the United States, were renewed on the occasion of the visit to St. 
Petersburg of the Committee of the Gun Foundry Board, and the 
representatives of the various branches of the Government were un- 
tiring in their arrangements to make the Committee’s visit most 
" profitable and enjoyable. 


SOURCES FROM WHICH THE ARMAMENT OF RUSSIA IS SUPPLIED. 


“The Government of Russia has been an extensive purchaser 
of cannon from Mr. Krupp, at Essen ; but, after adopting the 
Krupp gun for its armament, it proceeded to manufacture on 
that system for its own uses. 

The course pursued to produce a supply from home manu- 
facture was that of joint action between the Government and a 
private firm. The large steel works of Aboukhoff, near St. 
Petersburg, was the establishment with which the Government 
entered into partnership, becoming the owner of one-third of 
the stock. The Government is represented in the board of 
directors, the works are in the hands of the Minister of Marine, 
and Admiral Kolokoltzoff is the chief administrator or super- 
intendent. At the commencement of the joint action, the 
Government contributed largely to increase the plant by pro- 
viding tools suitable for its work, and very substantial aid has 
been provided from time to time. 

The substance of this statement was collected from parties 
with whom intercourse was held, who did not, in distinct 
words, condemn the practice under which the Government 
has been acting since it commenced to manufacture its own 
guns, but they evidently held the idea that the condition of 
affairs would be much improved if the Government had abso- 
lute control of the works. In order to achieve this object it 
was understood that the Government is soon to acquire such 
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additional stock as will make it owner of about two-thirds of 
the whole. When this shall be accomplished, it is thought 
that the Government will be able to produce its guns at less 
expense than is now incurred. 

It was freely admitted that the material produced under this 
system of joint action has been at great cost, but the Govern- 
ment has reconciled itself by the conviction that the product 
was of first-class quality and better than could be procured 
from other sources at less expense. The ground is taken that, 
in a matter so important as armament, high price is not to be 
considered an obstacle to the possession of the best guns that 
can be produced, and the authorities believe they have attained 
this object in their manufacture. 

This experience of the Russian Government in its joint 
action with the Aboukhoff Steel Works bears directly upon 
one of the most important points that the Board is required 
to consider, viz., “any other method” apart from a Govern- 
ment foundry, pure and simple, by which cannon can be pro- 
vided ; and the results above cited demonstrate that in this 
combination in Russia, as in that between the English Govern- 
ment and the Elswick Ordnance Company, the Government 
must always expect to bear the loss. 

The acquisition of additional stock may give the Govern- 
ment such control in the direction of the business of the works 
as to smooth the way to its possession of the whole. This 
seems to be the natura! conclusion of the process now in oper- 
ation, and its consummation would be a declaration of the 
practical failure of the plan inaugurated at the commencement. 
The experience of joint action between the Government and a 
private firm in Russia does not encourage the experiment in 
our own country. 

Nearly the entire production of steel for cannon is distrib- 
uted between the Aboukhoff Steel Works and the Kama, near 
Perm (in the Ural Mountains), but the product of the former 
is the more considerable. Among others, the Iznoskof and 
Alexandroff private steel works (both near St. Petersburg) 
manufacture projectiles, and as the Government diminishes its 
contracts abroad, they will develop their plants to meet the 
demands for gun material.” * 


*Gun Foundry Board Report. 
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The London Lngineering of October 27, 1882, gave the following 
notice of the Alexandroff Steel Works: 


These works were commenced at the end of 1877, commenced business in 
March, 1879, and since that time have been in continuous operation. The pro- 
ducts are steel rails for the Government lines, and projectiles and guns of cast- 
steel, these latter being made according to the Terrenoire process. The plant 
comprises seven melting and six preparatory heating Siemens furnaces, which 
are arranged in a single line about 350 ft. long; the heating and melting fur. 
naces alternate with each other. Six of the melting furnaces are of seven tons 
capacity, whilst the seventh takes a 9-ton charge. The latter is a little over 3 
ft. larger than the smaller ones, and has two openings instead of only one on the 
working side. The gas-producers are placed in a line parallel to the furnaces, 
there being four to a melting and three to a heating furnace, and each pair of 
furnaces has its own chimney. The capacity of the four regenerator chambers 
under each melting furnace is 1539 cubic feet, and as the consumption of coal 
is about nine tons daily per furnace, the capacity per ton of coal per day is 
about 170 cubic feet. The hearth bottom of the melting furnaces, which are 
carried upon 2-in. cast-iron plates, are made of a lower layer of Dinas bricks 
2% in., covered by 7 in. of a mass formed of 42.5 per cent of clean sand from 
Lake Ladoga, 42.5 per cent of burnt quartz, and 15 per cent of Russian fire- 
clay ; the sides and roofs are of Dinas bricks. The average working life of 
the furnace is 232 charges, the highest attained being 280. The roof requires 
partial renewal after about 150 charges. 





** Russian Artillery Gun Factory.—Although the amount 
of field artillery and siege pieces in the possession of the Gov- 
ernment is very large, the work of manufacture is actively pro- 
gressing, and the Russian Artillery Gun Factory in St. Peters- 
burg is constantly occupied in the construction of guns up to 
and including the 8-inch, and rifled mortars of g-inch caliber. 
This factory is well supplied with tools, has a capacity to turn 
out 70 field-guns per month, and is rapidly replacing the older 
models on hand.” * 

Most of the tools are of English manufacture, or are Russian dupli- 
cates of same. 

Guns are finished and sighted here. The work of inserting lining- 
tubes is carried on with small field-pieces, the bodies of which are 
steel in one piece, except the trunnion-hoop, which is shrunk on in 
the usual manner. 

An excellent plant still exists for the manufacture of bronze and 
cast-iron guns. 


* Gun Foundry Board Report. 
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The steel parts to be machined and assembled are received from 
Aboukhoff and Perm, and, although this arsenal is well equipped, 
“its plant is not equal to all the work demanded of it. The 
deficiencies are supplemented by the Aboukhoff Works. 


Aboukhoff Works.—The Aboukhoff Works, which include 
the manufacture of steel on a large scale and the fabrication of 
cannon of all calibers, both for the army and navy, are situ- 
ated in the alluvial basin ofthe Neva River, where good foun- 
dations are to be had only at great expense. The excavation 
for the 50-ton hammer was carried down 50 feet before moder- 
ately hard bottom (gravel) was reached. This cause has 
added largely to the general cost of construction of the 
works. 

The shops are extensive and numerous, but as they have 
been erected as needed, without regard to any general plan, 
they furnish no guide for constructing a new establishment. 
The largest gun-shop is 700 feet long and 70 feet wide, with 
the tools disposed longitudinally. The severity of the climate 
has rendered it necessary to ceil overhead with wood, and 
from this cause the shop is not so well lighted as is usual in 
Europe. The plant is of good quality and is being extensively 
developed. In the foundry, advantage has been taken of the 
undulations of the ground to place the forge at a lower level 
than the furnaces, thus conveniently providing for the trans- 
portation of the hot ingots by railway direct from the bottom 


of the casting-pit to the hammers. The capacity for casting 
’* 





reaches from 40 to 50 tons, requiring 1200 crucibles.’ 

Like many of the great steel-works of Europe, this establishment 
isin a transition state, extensive preparation having been made for 
the erection of a new steel plant and the introduction of different ma- 
chinery and tools. There are three Siemens furnaces; two of 10 
tons and one of 5 tons capacity ; also two 5-ton Bessemer converters. 


In the re-heating furnaces, gas is employed. 

The following extract is from a translation by Captain C. S. Smith 
and Lieutenant Rogers Birnie, U. S. A., of “ The Fabrication of Can- 
non in Russia,’ by Lieutenant Michael Levitsky, Russian Navy, pub- 
lished in “ Notes on the Construction of Ordnance, No. 21,” May 14, 
1883 : 


* Gun Foundry Board Report. 
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To-day the Aboukhoff works are in the hands of the Minister of the Navy, 
by whom they are administered through the intermedium of two superior off. 
cers, Captain Kolokoltzoff of the navy, chief administrator, and Robert Mas- 
selius, Major General of the Naval Artillery Corps, who is charged especially 
with the direction of the technical work. Since the date of its foundation this 
establishment has undergone a very considerable extension ; at present it Covers 
an area of more than 300,000 square metres, and is possessed of 14 steam. 
engines of from 7 to 160 horse-power, forming a total force of nearly 550 horse. 
power, without counting 4 locomotives of a total of 50 horse-power. For the 
working of metals there are 170 different machines ; 6 puddling furnaces; 16 
ordinary forging furnaces; 2 Siemens gas-furnaces; 240 furnaces for Casting 
steel, each of which has a capacity for 4 crucibles and is heated by means of 
coke; 12 Siemens gas-furnaces having each a capacity for 24 crucibles; a fur. 
nace for casting Siemens-Martin steel ; 2 Bessemer converters, and 10 steam- 
hammers, distinguished in respect to weight as follows : 


Two of about t ton, 
Two of “ 2 tons, 
One of o aa. 
Threeof “ 5 “ 
One ok “15 “* 


One of +. 


Furthermore, the works possess a chemical laboratory for the analysis of 
metals and the raw material ; a physical laboratory for the mechanical tests of 
steel ; a gas-works furnished with six retorts, which supply light to the works 
at an annual consumption of 2,523,400 Ibs. of coal. ‘To provide against fire, 
there is available asteam-pump of 25 horse-power. The personnel of the works 
consists of 30 engineers and specialists and some 1200 workmen; its annual 
production amounts to nearly 6,600,000 Ibs. of steel, obtained by different pro- 
cesses and designed for different purposes: for the Aboukhoff works are not 
confined to the fabrication of cannon alone—that is only their principal specialty. 
They manufacture projectiles, locomotive tires, wagon-wheels and axles, and 
also shafting for marine steam-engines. 

The steel prepared by these works is obtained by several different processes, 
as has been said above, but the process that gives the most satisfactory results 
consists in melting in crucibles a mixture, in definite proportions, of puddled 
steel, magnetic ore, wrought-iron blooms, and peroxide of manganese. By this 
mixture there is obtained a metal that is always perfectly homogeneous, and 
that can, at pleasure, be made hard and tenacious or ductile and malleable, 
according to the use to which it is to be applied. But the quality that particu- 
larly distinguishes the Aboukhoff cast-steel is its aptitude to welding, a quality 
that leaves too much to be desired, as is well known, in all other kinds of steel. 

The puddled steel employed at the Aboukhoff works is in part furnished 
from the steel works of Finland (Arpe & Poutiloff), or from the Ural (Satkin, 
Youresan and Serebriansk), but by far the greater part is fabricated in the 
establishment itself, from the cast-irons of Arpe, Satkin, Youresan, Goroblago 
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dat, Neviansk. The annual quantity of puddled steel furnished by these 
gorks amounts to nearly 4,400,000 pounds. 

In casting a piece of considerable volume, like a cannon, the operation is 
commenced by placing a number of crucibles in each furnace, calculating their 
number from the ingots of metal necessary to fill the mould: the operation 
should, of course, be so conducted that all the crucibles may come to the melt- 
ing point at the sametime. The cast-iron moulds employed for casting small 
pieces have very nearly the same form as the finished pieces themselves. It 
isnot the same, however, with cannon moulds. The first form of a gun is 
nearly cylindrical, the interior walls of the mould being only slightly conical, 
from the summit to the base, in order to facilitate the withdrawing of the piece. 
The relation of the area of each section of the ingot to that of each section of 
the finished gun varies usually from 2 to 3. Previous to casting, the mould is 
heated by filling it with red-hot embers ; the interior walls are rnbbed with 
plumbago, or coated with w hite-wash or white clay, in order to render the sur- 
faces smooth. 

In castings of small cimensions the steel is turned directly into the mould 
from two crucibles, at first as rapidly as possible, afterwards slowly, but always 
continuously. For large cannon, such as 12-inch guns, which weigh more than 
$5,800 Ibs., the steel from the crucibles is run at first into a pool, whemrce it 
afterwards flows in a continuous stream into the mould; after the mould is 
filled, it is closed with a cast-iron cover loaded with weights, the pressure of 
which contributes to the production of a finer texture in the metal and a more 
compact grain. Sometimes, in order to effect a more uniform cooling, the free 
surface of the metal is covered with powdered and sifted clay, which evidently 
acts to retard the cooling of the upper layers, which, if not checked, often 
proves injurious to the homogeneity of the metal. The operation of cooling 
the ingot for a large cannon requires ordinarily from 23 to 25 minutes. 

After the ingot has cooled, it is withdrawn from the mould and subjected to 
the action of the hammer. 

Cannon of 8, 9, 11, and 12 inches, and generally all masses weighing from 
28,000 to 96,000 Ibs., are placed under the great 50-ton Nasmyth hammer ; for 
the hammering of masses embraced between 24,000 and 28,000 lbs., such as 6 
and 6.03-inch guns, a Morrison hammer of from 3 to § tons is used. 

For moving the pieces while being hammered, on each side of the great ham- 
mer are established steam cranes, the axes of revolutions of which are so dis- 
posed that part of the circle described by the point of surface of each crane 
passes by the median plane of the hammer and by that of the doors of the two 
Siemens re-heating furnaces. These furnaces are remarkable for their great 
size and in having a movable sole. Their chief merit lies in the facility with 
which it is practicable to regulate the intensity of the flames in attaining the 
desired degree of heat, being very much superior in this respect to the re- 
heating furnaces of the old system. 

After the cannon has received under the hammer the desired form, it is re- 
moved to an ordinary lathe for rough-turning ; from the rear extremity of the 
breech, a disk is cut off to be used in the mechanical tests of the metal. The 
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operations of boring the cylinder and finishing the bore and chamber are per- 
formed in a single lathe, the cutting tools only being changed. 

The next operation consists in making a hole through the extremity of th. 
chase in the prolongation of a diameter of the bore, which is intended to rx. 
ceive a bolt, by means of which the piece is suspended during the subsequent 
operations of heating, tempering in oil, and annealing. 

After tempering and annealing, the piece is hooped, which is one of the mos 
important operations in the present construction of guns. The hoops are forged 
from disks or round slabs of cast-steel, which are cut in proper thicknesses from 
larger castings. A central orifice is first punched in each slab, and this is after. 
wards enlarged by introducing successively larger mandrels, The hoops are 
heated in an ordinary furnace before each mandrel is forced in: when the 
desired dimensions have been ati xed, the hoops are imbedded in a heap of fine 
charcoal and left there until cool. They are then faced and turned to dimen- 
sions in a lathe, tempered in oil, annealed, and finally carefully polished on the 
interior. 

To assemble the hoops, they are first heated in a wood fire built upon the 
ground, and then plunged in a bath of melted lead until they are sufficiently 
expanded to pass over the body of the piece arranged in a vertical position, 
Each ring when heated is raised by means of a crane and cleaned on the in. 
terior to rid it of ashes, dust, etc., and finally passed over the chase of the gun. 
A few blows of a hammer cause it to descend to the position desired. In order 
that the gun may not be heated too much by contact with the rings, a current 
of cold water is passed into the bore, which enters at the muzzle and is emitted 
through a nozzle fixed at the same part of the gun. 

After the hooping, the gun is again placed in a lathe and turned on the ex 
terior to its proper outline. 

When several layers of hoops are required, they are assembied in the same 
way. But care is taken to place the rings so that they “* break joints” withthe 
layer beneath. 


CONDITION OF STEEL MANUFACTURE, 


“There can be no question as to the character of the ore 
from which the metal used for cannon in Russia is produced. 
The Russian mines, from which much of it is obtained, are 
situated in the Ural Mountains on the border of Siberia. The 
ore is smelted with charcoal, and the iron is fully equal to the 
famed iron of Sweden. It is received at the Aboukhoff 
Works in the form of cast and wrought-iron. Use is also 
made of the best Swedish and Spanish iron. 

The puddled steel, which is the basis of the Russian gut 
metal, is prepared at Perm and at the Aboukhoff Works. 
The steel for casting all gun-tubes, jackets, and large hoops is 
prepared in crucibles. A portion of the magnetic ore, which 
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is found in the Ural, is one of the elements introduced into 
the crucibles and is said to have a beneficial effect upon the 
mixture. 

Hoops for some small guns are made of Bessemer steel, the 
charge being selected from the best Ural and Swedish ores. 
The Siemens-Martin process is restricted to the manufacture 
of small ingots, being regarded with much less favor than 
crucible castings. 

The most important improvement which has recently been 
introduced is Sir Joseph Whitworth’s system of liquid com- 
pression. The advantages of this press have been alluded to 
in a former part of this report and need not be again recited. 
At the Aboukhoff Works, the effect of liquid compression is 
considered as very beneficial, and the impression was received 
that the system of forging by the press would also have been 
adopted if there had not already been established at the works 
one of the largest and most expensive hammers in the world, 
the tup of which weighs 50 tons, with a fall of 12 feet.” * 

The construction of its foundation was very difficult and expensive. 
In consequence of the uncertainty of the bed, the hammer has been 
fitted with a peculiar arrangement of guides, and the tup is not 
ngidly connected with the piston. 


PRESENT CONDITION OF RUSSIAN ARTILLERY. 


“ The heavy ordnance for naval and sea-coast defence is de- 
signed to give velocities from 1700 to 1800 feet ; but experi- 
ments to gain an increase, by lengthening the bore, are in 
progress. The following are the principal calibers : 

12-inch 40-ton guns, 20 calibers long, are adopted for arm- 
ing the Peter the Great and the Popoff—one, 30 calibers in 
length, weighing 50 tons, and burning 390 pounds of powder, 
is now under trial. 

11-inch 27-ton guns, 22 calibers long, are used in several 
turret ships and in sea-coast batteries. The tube requires a 
30-ton ingot. 

There are also many naval g-inch, 8-inch, and 6-inch guns 
about 22 calibers long, in service ; but the models will soon be 
modified by increasing the length. For land fortresses the 


* Gun Foundry Board Report. 
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6-inch gun is the prevailing type. Most siege guns on hand 
are of bronze, but a new steel pattern will be adopted for future 
fabrication. A recent accident gave a severe test to the system 
of construction adopted for Russian artillery. In experiment. 
ing with gun-cotton for use in shells, one of the latter, cop. 
taining 40 pounds, exploded in the chamber of an 11-inch 
gun when the charge of gunpowder (128 pounds) was fired, 
The rear part of the breech was blown off at the weak point 
of the Krupp system. The trunnion-band was broken, throw. 
ing off a fragment; and fhe diameter of the chamber wa; 
enlarged 1 inch. The admirable quality of the metal, and the 
good adjustment of the strength of the several parts, is evident 
from this statement. 

In testing steel, no value is attached to the ultimate breaking 
stress or percentage of elongation; and the computations are 
all based on the elastic limit, which is determined by noting 
where the increasing stresses and elongations cease to be pro- 
portional. This must never occur below 2400 atmospheres (16 
tons per square inch). 


Construction.—All field-guns are of steel, and are mounted 
on a carriage fitted with rubber buffers to reduce the shock.” 


The greater part of the steel guns of models before 1877 were pur- 


4é 


chased of Mr. Krupp and are similar to the German guns of same 


caliber. At Aboukhoff, for heavy guns, the first row of hoops has 
been extended to the muzzle (figure 1, Plate LXIX.) These hoops, of 
truncated form on the exterior, are of cylindrical form on the interior 


and are graduated along the chase. 


“ The special novelty of the Russian ordnance is a thin steel 
lining-tube, designed to receive the wear in firing and to be 
renewed when needful, without the expense and difficulty of 
re-tubing. This system is adopted for all calibers from the 
smallest up to the 12-inch gun, inclusive (figure 2, Plate LXIX. 
The operation of inserting one of these lining-tubes in a field- 
gun was witnessed at Aboukhoff. The difference of their 
diameters was very small. The fitting of the slightly conical 
surfaces by measurement before insertion was done with pre- 
cision. 

When ready for insertion, the lining-tube was lubricated 
and introduced by hand. It was forced by hand-levers until 


* Gun Foundry Board Report. 
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the end was nearly flush with the breech; hydraulic power 
then applied by a hand-pump was gradually increased to a pres. 
sure of 180 atmospheres, although no motion was apparent 
after it had reached 100 atmospheres. The rear end of the 
lining-tube forms the recess for the Broadwell ring.” * 

The following in regard to this process is taken from Mémoires 
Mil. et Scientifique, Dept. de la Marine, Frangaise, Vol. IV., and 
was published in “ Notes on Construction of Ordnance, No, 21,” 
May 14, 1883: 


In this system the bore is formed of a steel tube independent of the body of 
the gun and extending the whole length from the face of the muzzle tothe face 
of the breech... . The first experiments were made with a g-inch gun; the 
work was done at Aboukhoff. This gun had already been fired 765 rounds with 
charges of prismatic powder varying from 27 to 46.86 pounds. It was re-bored 
and fitted with a steel] tube in accordance with the plans of Messrs. Kolokoltzoff 
and Musselius. After the conversion, it was fired 455 rounds with a projectile 
weighing 261.36 pounds and the following charges of prisinatic powder: 


1 round with a charge of 27.06 pounds. 

1 round with a charge of 31.46 pounds. 

1 round with a charge of 35.86 pounds. 

2 rounds with a charge of 40.48 pounds. 
50 rounds with a charge of 23.32 pounds. 


400 rounds with a charge of 46.86 pounds. 


The mean of the pressures taken for ten rounds with a charge of 46.86 pounds 
amounted to 39,139 pounds per square inch; the maximum pressure was 41,899, 
and the minimum, 35,219 pounds per square inch, 

At the end of this firing, very decided erosions were apparent in the chamber 
and about the junction of the chamber and bore ; but the rifled part of the tube 
remained intact. 

The artillery committee concluded that these results were satisfactory and 
that the system was good. ‘The trials, therefore, will be continued, and will 
eventuate probably in the adoption, in Russia, of a system of tubed guns. 

The following details of the conversion were submitted to the committee by 
the director of the Aboukhoff foundry. The thickness of the walls of the tube 
at the breech is about 1.496 inches and at the chase about 1.26 inches ; the tube 
is turned on the exterior to the form of truncated cones of different diameters, 
separated from each other by a shoulder and having their larger bases turned 
towards the breech. 

The exterior diameters of the tube corresponding to the breech of the gua 
are respectively 12.417 and 12.39 inches; in the portion within the chase the 
greater diameter is 11.52 inches and the smaller 11.41 inches. The exterior 


diameters of the tube at the several cross-sections of the gun are mearly equal 


* Gun Foundry Board Report. 
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to the corresponding interior diameters of the body of the piece, except that 
about the base of the chamber the exterior diameters of the tube are 0.03 of an 
inch greater than those of the body; at this part there is, consequently, a 


tension. 
In order to introduce the tube into the bore the following total pressures 


were employed : 
Corresponding lengths of 


Total pressures exerted tube “ forced in.” 
7-3 tons........ eee | Uh 
B40 ree cevcecscccccces coocscces 10.0 - 
SE. ccncuiuticcieiinns 3.5 o 
2 8.0 “6 
Q «6 =o “ 
Rm  saveiesnes 6.59 - 
40 lccocecees ec ceceseses soccesses 6.00 - 
S 5-00 : 
57 ~~ esees 4.00 “ 
TTT a 3-7 ée 
- a ‘ : . as ‘ 
54 SD Miteate aendeies Memeereneee 1.50 ‘ 
POG sscsnten: cckennesaserianns 0.756 * 
125.0 ‘ 0.374 * 
Final pressure, 154.0 *  ..cccccee sosecerccccce sosees 


After the firing, the tube was extracted from the gun by aseries of pressures, 
respectively, of 250 tons, 144.7 tons, 96.5 tons, and 48.5 tons. 

The same tube was again introduced into the bore by a series of pressures 
concluding as follows: 38.6, 57.9, 77-5, 96.5, 115-8, 144.0, 175, and 198 tons. 

The last figures show that the exterior diameters of the tube were not 
materially enlarged by the firing, since the force required to make it re-enter 
the bore was nearly the same before and after the firing of the 455 rounds. 


“ The Russian officers claim that these tubes can be renewed 
in the field, and cited instances of two 9-inch mortars, weigh- 
ing 54 tons each, needed for use on the Danube during the 
late war. Being too heavy for the available means of trans- 
portation, they were forwarded in three pieces—a tube, a 
breech-jacket, and a muzzle-jacket. The two latter were 
screwed together, and the tube was inserted by a jack on the 
spot ; both mortars did excellent service.’* 

The fabrication of cannon with lining-tubes most naturally led to 
the system of dismountable pieces ; and the g-inch mortars were con- 
structed on the same principle as the 8-inch dismountable cannon. 
To mount these, the breech-jacket is placed upon the carriage; the 


* Gun Foundry Board Report. 
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muzzle-jacket is then raised into place, and the strengthening hoops 
screwed on. The lining-tube is then forced in, a long screw, with 
plates taking against the faces of the breech, and muzzle ends, being 
employed to force all the parts into position. To dismount, the screw 
is turned end for end. Twenty men will assemble an 8-inch cannon 
in about three hours. 

“Sheets of recent unpublished experiments were exhibited, 
showing the locus of the varying pressure in the bore of along 
4.2-inch gun. These pressures were measured by Rodman 
gauges in the usual way, special care being taken to place the 
part acted upon by the gas nearly flush with the bore. The 
results thus far have proved quite accordant and _ very inter- 
esting, indicating that as the distance from the bottom of the 
bore increases, the pressures at first decrease a little, and then 
rapidly increase to a maximum ata point slightly in rear of that 
originally occupied by the front band of the projectile. Here 
the pressure is nearly double that at the bottom of the bore, 
and evidently is increased by the reaction from the shot at the 
instant of taking the grooves. This investigation has much 
importance in connection with the problem of the best form 
and dimensions for the powder chamber. The experiments are 
to be continued with a 16-inch 80-ton steel gun made at Abouk- 
hoff and fitted for this purpose. It is 22 calibers long and con- 
structed in the following manner, viz.: tube in one piece; 
jacket in three parts extending to muzzle ; four layers of hoops 
and a fifth hoop over the breech. It is pierced at various 
points to receive the gauges. 
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An experimental 11-inch 47-ton all-steel gun, 35 calibers 
long, consisting of tube, jacket in two parts extending to 
muzzle, and three layers of tapering hoops, was ready for trial. 


Breech-Loading.—Russia has adopted the Krupp breech- 
loading system with slight modifications for all calibers, but a 
few guns fitted with the French interrupted screw were noted. 
Steel alone is used for new fabrications.’’* 

All the guns of the new models are fitted with the cylindro-pris- 
matic wedge, similar to the German guns, and in the model of 1877, 
manufactured at Aboukhoff, the loading-cylinder has been abolished. 
There are some 11-inch coast guns bearing the French screw ferme- 
ture, and a few mountain guns have been fitted with the de Bange 
fermeture. 

The gas-check is an unmodified Broadwell ring. 


Chamber and Rifling.—For all guns of model 1877, firing pro- 
ectiles with copper ring, the chamber is composed of two cylindrical 
parts, the powder-chamber and the projectile-chamber, connected with 
each other, and with the bore by truncated cones. The rifling ex- 
tends into the projectile-chamber, but not into the cone of the powder 
chamber, and is increasing. For guns of old models the rifling is 
similar to that of the German guns and not increasing. In the larger 
calibers the chamber is eccentric. The rifling ina number of the guns 
of 6,8, 9, and 11-inch caliber has been modified to admit of firing 
projectiles with copper bands instead of the old projectiles, which 
were enveloped in lead. 

The gun-carriages, designed by Gunnery Lieutenant Razkazoff, 
Russian Navy, and Mr. Anderson, for the 12-inch 40-ton guns of the 
Popoff, are constructed on the principle of Major Moncrieff, and 
combine arrangements and improvements involving simplicity, com- 
pactness, and strength. 

The carriage consists of two pairs of parallel armor-plates, six inches thick, 
corresponding to the brackets of an ordinary gun-carriage. They are connected 
in front by steel castings of triangular shape, in the rear by iron plates and 
angle brackets, and in the middle by two cast-steel buffer-boxes and bya central 
socket-piece, which fits on to a pivot fixed to the deck of the turret, and about 
which the platform, so arranged, revolves. The carriage brackets form the 
main frame of the revolving platform, which has no rollers, but is simply 
carried up and slides on a turned wrought-iron ring, which gives better support 
and sufficient freedom of motion. In order further to strengthen the platform, 


*Gun Foundry Board Report. 
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as well as to provide means of turning it, a heavy cast-steel ring, forming a 
bevel-wheel, is fixed underneath, and is turned by a steel pinion, the Shaft of 
which is actuated by a 40-horse-power double-cylinder engine placed on the 
main deck nearly under the turret. 

Through the front of the brackets, two rocking-shafts are placed, and carry 
on their extremities pairs of rocking-arms, on the outer ends of which the 
guns are supported by their trunnions. To the rear ends of the brackets, 
hydraulic cylinders are fixed, two for each gun, They are connected in pairs 
by pipes, so as to act simultaneously. The plungers, or rams, of the cylinders 
are connected to the rocking-arms by means of heavy connecting-rods, so that 
when these plungers are driven out, they turn the arms, raising the guns to the 
firing position, at which point the arms rest against buffers fixed on the front 
part of the platform. 

In this position the arms supporting the guns come within only a few degrees 
of the vertical, so that when the water is allowed to escape from the cylinders, 
the plungers will be driven in by the weight of the gun, which will thus descend 
to its loading position, where it rests on the central buffers. This is only 
possible with hollow-trunk cylinders, the connecting-rods of which abut against 
the bottoms of plungers at their lower ends, forming a ball-and-socket joint, by 
which means all guides are avoided, and with them the complicated arrange- 
ments of the turn-table. 

The breech end of the gun is supported by a pair of radius bars which steady 
it and determine the path of the gun in moving from the loading to the firing 
position, and the reverse. 

The elevation and depression are also given by means of these bars, the 
lower ends of which are jointed to the studs of two sets of elevating gear that 
are fixed on the outer faces of the brackets, and are worked by one handle 
common to each pair. Each elevating arrangement consists of a screw work. 
ing through a nut, having a stud on it for receiving the lower end of the radius 
bar, so that when the screw is turned, the nut travels up and down and moves 
the lower end of the bar. 

The elevating screws are so attached to the brackets that when the gun is 
up, the motion of the nuts connected to the lower ends of the radius bars pro- 
duces nearly the same amount of motion to the breech of the gun, thus vary- 
ing its elevation; but when the gun is in the loading position, the motion of 
the lower ends of the bars does not cause any sensible motion to the breech, 
so that when the gun is down, the elevation or depression can be changed with- 
out moving it; the gun will assume its proper elevation as it rises into the 
firing position ; and, again, if the gun is fixed with any angle of elevation, it 
will also come to the same loading position. 

For raising the guns, water is used under a pressure of about 600 pounds 
per square inch, supplied by a small duplex pump and stored in an accumulator. 
The water from the pump passes through the central pivot of the platform, and 
is then distributed to the four cylinders. The arrangement for transmitting 
the water through the center of the revolving platform consists of a stationary 
pipe in the center of the pivot, made hollow for the purpose, and is surrounded 
by a massive gun-metal chamber fixed to the platform and revolving with it. 
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The water under pressure flows through the center pipe, and the waste escapes 
by the hollow pivot. A branch from the pivot pipe leads to a pair of balanced 
ralves that distribute the water to the cylinders so that each gun can be raised 
and lowered by the motion of one hand-lever. The guns can be stopped in 
any position and lowered gently at pleasure. Each hand-lever is connected to 
the ram of the cylinder by means of a rod, so that the water is automatically 
shat off when the gun reaches its highest position. 

To start the gun, a pressure of over 600 pounds per square inch is required, 
and, as the accumulator produces an almost constant pressure of that amount, 
there will be a large access of power towards the end of the stroke, which will 
enable the gun to be raised with any required velocity. 

The hand-valve is controlled automatically in both directions by the motion 
ofthe gun. Therefore there is no danger to be feared from inattentive opera- 
tors, for, provided there is a constant pressure in the accumulator, the gun will 
always take the same time to reach its firing position. 

The chief novelty and most important detail introduced is the means of absorb- 
ing the recoil. It consists of a valve-box, which is placed in the middle of the 
pipe, connecting a pair of cylinders. Through this valve-box is passed a long 
valve spindle, having at one end an ordinary conical valve, by which the outlet 
ofthe box is closed. The other end is supported by a guide in which it is free 
to slide to the extent to which the valve is to open. On the valve spindle are 
threaded a number of dished springs, which are confined between a disk held in 
place on the spindle by an adjusting nut, and a crosshead which slides freely on 
the spindle, and is connected by its ends through a pair of chains tothe rocking- 
shaft carrying the gun. The springs have initial pressure given them by the 
adjusting-nut on the spindle, and close the valve just sufficiently to support the 
gun in its firing position ; but, as soon as the gun begins to fall, the rocking-shaft 
on which the arms are keyed turns and winds the chains, which draw up the 
crosshead, and thus further compress the springs as the gun descends, thus adding 
automatically any required increase of load on the discharge valve, and therefore 
any required increase of resistance in the cylinders to take up the force of recoil. 

To meet any want of uniformity in the compression of the springs, or to pro- 
duce any variations in the resistance to the recoil, there are cam-pieces on the 
shaft over which the chains are laid. These are so shaped as to produce a 
changeable rate of winding the chains, and therefore a corresponding change 
inthe increase of load on the valve. The action of this mechanism is auto- 
matic, depending only upon the motion of the gun. 

The spring disks are slightly conical, and so tempered and shaped that when 
compressed to their limit of elasticity they become flat, and then resist com- 
pression as a solid steel cylinder. 

The water from the cylinders during recoil, as well as while lowering the 
gun without firing, is discharged into a long tank, by which both the discharge- 
valves and the hand-valves are surrounded. This arrangement renders long 
and large exhaust-pipes unnecessary. 

A friction-clutch prevents the recoil from revolving the platform, The 
handle for giving motion to the platform, whose cunnecting-rod passes to the 
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engine through the pivot, is situated close to the handle for raising and lower. 
ing the guns, so that the captain of the guns has at hand all the means for 
working them, being able to keep them constantty in the direction of the 
enemy while loading, and to raise them at the proper moment for firing, 

The accumulator is loaded by permanent air-pressure as in an ordinary air 
vessel, but the difference is, that the compressed air is kept apart from the 
water in special tubes, which are placed in any convenient part of the ship. 
By this means, compressed air may be stored up in the tubes, and left ready 
for subsequent use, permitting several shots to be fired, in case of necessity, 
before steam is up. Another important advantage of this accumulator is that 
the initial pressure of air may be obtained without the use of an air-pump, by 
letting the water out of the water-vessel of the accumulator, allowing it to fill 
with air, and forcing the latter into the air-tubes by again pumping up the 
water-vessel. By repeating this operation, any degree of pressure may be 
obtained. By means of this accumulator, the gun can be worked independently 
of steam. 


Experiments with these gun-carriages have been very successful, 
proving their convenience and rapid working. 

“ The experiments with Russian artillery are made at the 

Polygon at Ochta, near St. Petersburg. The grounds afford 

a range of about 7 miles, and the establishment of the navy, 

under Admiral Kouprianoff, and of the army, under General 
Erme, are side by side, so that each service can always wit- 

ness what is done by the other. A 12-inch 50-ton rifle, an 
11-inch, and several smaller guns were in position at our visit.”* 


* Gun Foundry Board Report. 

















VI. 
UNITED STATES. 
SouRCES OF SUPPLY AND CONDITION OF ARTILLERY. 


The sources of supply at the present time appear to be limited to 
the Midvale Steel Company and the small ordnance machine-shops at 
the Navy Yard, Washington, D.C. The former has been able to 
supply steel parts for a few 6-inch breech-loading rifles, and is in- 
creasing the size of its plant for the manufacture of gun material. At 
the latter, steel guns of from 5 to 10-inch caliber are being fabricated. 
The heavier forgings for these guns have been supplied by foreign 
steel manufacturers. 


SOURCES FROM WHICH THE ARMAMENT OF THE UNITED 
STATES IS SUPPLIED. 


“ Previous to and during the civil war the armaments of the 
United States were supplied from— 

The Cold Spring Foundry, West Point, N. Y. 

The South Boston Iron Works, Boston, Mass. 

The Fort Pitt Foundry, Pittsburgh, Pa. 

The Reading Iron Works, Reading, Pa. 

The Builders Iron Foundry, Providence, R. I. 

The Pheenix Iron Company, Pheenixville, Pa. 

The Ames Manufacturing Company, Chicopee, Mass. 

Since the termination of the war the Fort Pitt Foundry has 
ceased to exist. The South Boston Iron Works Company 
has manufactured a few experimental guns, and with the West 
Point Foundry has executed some small orders of the Govern- 
ment in the conversion of cast-iron smooth-bores into rifle 
guns by inserting and rifling a coiled wrought-iron tube. 

None of the companies mentioned above have ever made 
steel guns, and virtually the United States is destitute of a 
source from which such an armament as the age demands can 


be supplied.” * 


* Gun Foundry Board Report. 
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This is further proved by the following correspondence presented to 
the Board, after its return from Europe, by the two companies tha 
have asked Government aid. The amount required and asked for js 
so nearly equal to the Board’s estimate of the approximate cost of 
gun-factory plant entire, that this fact alone would indicate that they 
have no plant for the fabrication of modern steel guns. 


SoutrH Boston IRON Works, 
Boston, January 16, 1884, 
ComMMODORE E, Simpson, U.S. N.,, 
President Gun Foundry Board, Philadelphia. 


Sirk: Referring to your communication of May 1, 1883, inviting me to revise 
my proposition of January, 1882, referred to, and so modify it as to state what 
aid I should require of the Government to enable me to so enlarge our present 
plant as to be suitable for the manufacture of the heaviest ordnance required 
for modern warfare from the crude material, I now beg to say I have considered 
the problem carefully, and conclude that the subject is so important and com- 
prehensive—so much depending upon information obtainable only in Europe, 
and of which I have obtained very little, compared with that in possession of 
your Board—I had better confine my estimates in reply to that portion of the 
proposed plant of which I have some practical knowledge, and so have con- 
sidered the cost of such additional machinery and tools as would, with our 
present plant, enable us to machine-finish, from the steel forgings or compressed 
ingots, modern steel guns at rates as follows: 

Six guns of 16-inch caliber per year. 

Twenty guns of 12-inch caliber per year. 

Twenty guns of 10-inch caliber per year. 

Thirty guns of 8-inch caliber per year. 

Forty guns of 6-inch caliber per year. 


I estimate the amount required to bring our plant up to this capacity would 
be $800,000, and require two years’ time. 

We desire to make this enlargement as soon as practicable, and ask the 
Government to advance the necessary money, under proper guards and restric- 
tions, to be reimbursed to the Treasury when a reserve of 5 per cent of all the 
income from said machinery and tools shall amount to a sum sufficient. With 
a reasonable volume of business the Government would be repaid in full withit 
ten years. 

Should your Board recommend this method to be adopted for the manufac- 
ture of heavy ordnance, but wish to provide for a complete establishment 
capable of producing the steel from the casting of the ingots, as well as the 
machine-finishing of guns, I beg to refer you to my letter of January, 1882, 
referred to, and say I am ready to undertake the construction of the complete 
establishment upon the same terms as proposed for the machine department, 
In that event, I should expect to unite our works with that of the West Point 
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Foundry Association, and move to such locality as would be approved by the 
Government authorities. 
Very respectfully, your obedient servants, 
SourH Boston IRON WoRKS, 
By WM. P. HUNT, President. 


Wesr Potnr FouNDRY, 
Cold Spring, Fanuary 18, 1884. 
CommoporRE E. Simpson, U.S.N., 
Chairman of Gun Foundry Board, Philadelphia. 

Sir: Referring to your communication of May 1, 1883, respecting a plant to 
manufacture ordnance, we beg leave to make the following reply, which, in 
consequence of the questions asked us not being sufficiently definite, is neces- 
sarily approximate in its character. 

Qur establishment in its present state is capable of finishing a limited number 
of steel breech-loading guns, but is inadequate to the wants of the Government. 
We would leave it as it is, using it to the extent of its capacity for ordnance, 
and making projectiles, gun carriages, &c. (for which it is well adapted), if 
required, We would then propose to build an entirely new plant, independent 
of the old one on our property, capable of turning out about 120 guns per year, 
ranging from 100 tons to 6-in. caliber or less, the necessary steel forgings to be 
furnished to us. We estimate the cost of such a plant, including buildings, 
engine and boilers, lathes, cranes, and other machinery, about $800,000. 

As it would be impossible for us to procure the means to put up such a plant, 
the only plan which seems feasible to us is for the Government to advance the 
necessary amount under such conditions as may be deemed proper, and with 
aproviso for its ultimate repayment when 5 per cent of the amount of ordnance 
business done on said plant shall be equal to the sum advanced, the United 
States to remain proprietors of the plant until it is paid for as proposed. 

With regard to the making of steel forgings, we understand that your Board 
has obtained in Europe the necessary information, and have more knowledge 
of the subject than we have been able to procure. We have, therefore, only to 
say that we should be willing to get up a plant on the terms proposed for the 
construction plant, should it be considered advisable by the United States to 
locate it on our property, or to combine it in the same establishment as that 
inwhich the ordnance is finished. 

We estimate that it would require about two years to create the construction 
plant, but we are not prepared to state how long it would take to put up the 
plant for making the steel forgings. 

Very respectfully, your obedient servants, 
West Potnt FOUNDRY ASSOCIATION, 
G. PAULDING, President, 


In these letters are also presented the opinions of these companies 
ato the proper means of providing modern ordnance. 
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CONDITION OF STEEL MANUFACTURE, 


“With a view to such experiments as their appropriations 
would justify, the Ordnance Bureaus of the War and Navy 
Departments have from time to time addressed the steel many. 
facturers of the country on the subject of furnishing steel for 
cannon, but thus far have met with only a partial success, 
The reasons for this will be noticed farther on in this report, 
but the fact is here stated to emphasize the conclusion that the 
immense steel works of the United States, from lack of demand 
for this special material, have not the necessary plant for forg- 
ing, and are in no condition at present to manufacture steel for 
cannon in such quantities and in such sizes as are essential for 
a suitable armament for the country.” * 
In December, 1881, Lieutenant C. W. Whipple, U. S. A., prepared 
an interesting report (published in the “ Report of the Getty Boar? 
on Heavy Ordnance and Projectiles—1882’’) on the steel manufactur. 
ing facilities in this country for gun-construction, and presented a list 
of the manufactories with their furnace and forging capacities to pro- 
duce ingots of the proper weight for tubes and hoops. In this report, 
Lieutenant Whipple gives the heaviest hammer (that of Park, 
Brothers & Co., Pittsburgh, Pa.) a tup of 17 tons. “But with the 
steam it is computed at 67 tons.’’ Nearly all European steel factors 
do not approve of the use of steam above, consequently the power of 
the heaviest hammer in this country may be recorded as 17 tons. 
Since the preparation of the above report, open-hearth steel has 
been accepted by the majority of good authorities as the most uniform, 
and the development of open-hearth plants in the United States finds, 
at the present time, the 
Cambria Iron Company, Johnstown, Pa., 
Midvale Steel Company, Nicetown, Philadelphia, Pa., 
Springfield Iron Company, Springfield, IIl., 

the best prepared to cast the required material. 

Cambria Lron Company.-—These works, by gradual development 
and acquisitions, have grown to be the most extensive of their kind in 
the United States. They comprise large coal and iron mines; eleven 
blast-furnaces; Bessemer and open-hearth steel works; extensive 
mills for puddling and rolling iron and steel rails of all weights and 
patterns, and many special forms of both iron and steel, including 


* Gun Foundry Board Report. 
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geel-wire; machine, smith and boiler shops; foundry and other 
mechanical accessories, beside many important collateral industries. 

The principal establishment (Plate LXX.) is situated at Johnstown, 
Cambria County, Pennsylvania, at the base of the western slope ot 
the Allegheny mountains (1184 feet above the sea), on the main line 
of the Pennsylvania Railroad, and 78 miles east of Pittsburgh. It is 
built in the deep level cutting at the junction of the Stoney Creek and 
Little Conemaugh River, which unite here and form the Conemaugh 
River. The works extend over an area of 60 acres, of which seven 
are covered by the rolling mills. 

The occurrence of iron-ores in great variety and extent in the coal- 
measures at Johnstown and its vicinity having attracted attention to 
the region as a promising seat of iron manufacture, the working of 
the ores of Cambria County was begun as early as 1809, by the 
erection of a forge at Johnstown, which was subsequently removed to 
the Conemaugh River, where it was operated until about 1825. 
The Cambria Iron Company was organized. and obtained its first 
charter in 1852, at which time the property consisted of valuable and 
extensive tracts of mineral and timber land, and a number of blast- 
furnaces of rather primitive construction, situated at considerable 
distances from each other. In 1853, the construction of four coke 
furnaces was begun at Johnstown, but notwithstanding the great 
natural advantages offered by the situation, the operations of the 
Company were not successfully conducted. In 1855, the works 
having suspended, they were leased to Wood, Morrell & Co., who had 
become creditors. During the seven years’ duration of the lease, not- 
withstanding the complete destruction of the rolling mill by fire in 1857, 
they developed the resources of the property, increased the capacity of 
the rolling mill to over 600 tons of iron rails per week (since increased 
five-fold), made many important improvements, and succeeded in 
establishing an extensive and profitable business. In 1862, on the 
termination of the lease, the Cambria Iron Company was re-organized, 
and the business since that time has been conducted in its name. 

In 1868, the blast-furnace at Conemaugh, two miles east of Johns- 
town, was purchased, and about the same time, and under the name 
of the Blair Iron and Coal Company, four blast-furnaces, east of the 
Allegheny mountains, were added ; one located at Bennington, one 
at Frankstown, and two at Hollidaysburgh. 

In 1869, the erection of the Bessemer steel works was commenced, 
and at about the same time the valuable ore-banks of Springfield and 
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Henrietta were purchased. In 1872, a large portion of the rolling 
mills was again destroyed by fire, but such were the resources and 
energy of the management, and the co-operation of the employees, 
that within one week after the fire, the machinery was again in Opera- 
tion under temporary shelter, which was replaced by brick and iron 
fire-proof buildings, without stopping the manufacture. 

The Bessemer steel works commenced operations in 1872, and jn 
1873 the construction of blast-furnace No. 5 was begun at Johnstown, 
although it was not put in blast until 1876. 

The buildings for the greater part are built of brick; some are 
constructed of iron frames with brick panels; nearly all have iron 
rafters covered with slate or corrugated sheet-iron. 

Dimensions of the principal buildings, (Plate LXX.): 


Feet. Feet, 
EE ID iintiidicweniie senevn teense sccvns senees scence sheen sevens eeesee 87 X 1900 
BOSRCTROT BOOGE WOES oe 20000 cocces sesece sescen sees coves coseceses 105 X 165 
CGI TEOMIE OOO) WW OCB oe cccs cece8e si cscs cesses sence secese consee 105 X 162 
Blooming Mill.. sane.es eee. cocces seveee seceeecccees cocseee-e BIO MK 3SS 
Blooming Mill annexes, EAGT ESS ANA ERERE ~ Soe 
Boiler and Producer Houses, ONne...... ....... sever cocces socoee ove 56 X 330 
Boiler and Producer Houses, One. ..... 2.0... ...00. cosces -0+ veces 56 X 250 
Machine Shop... ccee ae 
Machine Shop, two ‘story 3 annex Sakti: tell: dttetaninua nid deadha . 40X 85 
Smithery.........00 pines tdatinn beend/ teeien dedone s6nnee shaadi.” Senn 
Smithery, two wings, oI eaperereare wn 40 X 60 
rd ilinindl ctl ccahatin attics satin dnttiohonsions. cia 
Foundry, one... eetet covewscccccs cocees cosesecccess 6 UE EE 
Koll Turning and Boiler ‘Shops. iihbiee-sindlbleeaienns wnmiene Manin elie 110 X 315 
Pattern Shops, 2 stories ......... Str ieewerousecs ecésan squiiised, <n 
Car and Carpenter Shops, 2 stories. kepeeie <naiteianadas eubude anal 60 X 140 
TL OUNIENN, Dh GRO: ccna snesca sects ssunte eonees cosets sonntd 55 xX 65 


The d/ast-furnaces of the Cambria Company are located: six at 
Johnstown and one at East Conemaugh in Cambria county ; one at 
Bennington, two at Hollidaysburgh, and one at Frankstown, all in Blair 
county. Those at Johnstown, Conemaugh, and Hollidaysburgh, No. 
1, are the newest and largest. Their principal dimensions and aver- 
age weekly output are given in the following table : 


Height in Diameter of Bosh, Diameter Hearth, Westy Output, 
; ons 


Furnace. Feet. Feet. Ft. In. 

Johnstown, Bs: Dat cczinn 76 16 8 6 goo 
oo 76 16 8 6 goo 

” i 76 16 8 6 goo 

“ a See 76 16 8 6 goo 

“ ae 76 19 10 0 800 

“ BO. G00. 76 19 10 0 1125 
Conemaugh ............... 63 12 6 6 250 
Hollidaysburgh, No. 1. 59 14 8 0 35° 
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The other furnaces are of older date, averaging about 50 feet in 
height and 11 feet diameter of bosh. 

The Johnstown furnaces Nos. 1, 2, 3, 4, forming together one com- 
plete plant, are at present (1884) being completely remodelled. Nos. 
rand 2 will go in blast during the summer, and Nos. 3 and 4 will 
follow about seven months later. 

A full description of these furnaces, together with the ro//ing, 
puddle, and wire-rod mills, and bolt works, which are very extensive 
and well equipped, was published in “ Iron,” of March, 1884. 

The foundry is a brick building 25 feet high, containing two Sellers 
improved steam-cranes of 25 tons capacity each, one 15-ton steam- 
crane, one 16-ton reverberatory air-furnace, and one 5 ft. cupola, with 
acapacity of 8 tons per hour. A brick addition, 30 feet high, with 
an iron roof, contains three 10-ton steam-cranes, one 5-ft. cupola of 8 
tons capacity per hour, and one 30-inch cupola for chilled rolls and 
special heats. The largest casting made in the foundry weighed 35 
tons, The average daily output of finished castings is 30 tons. 

The Bessemer plant was the sixth started in the United States 
(July, 1871). While its general arrangement and many of its details 
were copied from drawings of the Troy, and Harrisburgh, works, and 
while it conforms in principle to the American type, there are many 
minor changes, some of which have been very generally copied. The 
first deviation from previous designs was to put the melting depart- 
ment and the converting section into the same building of equal height 
throughout. This gave the converting room ample height and 
ventilation. 

The cupolas are five in number, 7 ft. 6 in. diameter of shell, with 6 
{t. internal diameter above the tuyeres, and 5 ft. 4 in. diameter of bosh 
and hearth, The maximum height from the sand bottom to center 
of tuyeres is 3 feet. Each has six tuyeres of 6 in. diameter, through 
which blast is supplied from three Baker rotary pressure blowers, 
each driven directly by a Wilbraham engine, 16 in. x 24 in., at 110 
revolutions per minute, and one No. 10 Sturtevant blower, furnishing 
to these and to four other sfiege/ cupolas, 33,000 cubic feet of blast 
per minute. The capacity of one cupola is 600 tons of iron and 
scrap melted at a continuous blast of 72 hours. The cupolas are 
located on either side of the main trough, into which they are tapped, 
and down which the melted metal is directed into either of two 10- 
ton ladles set on a hydraulic weighing platform, where it is stored 
until the converters are ready to receive it. 
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There are two vessels of 7} tons capacity each, their product being 
distributed by a hydraulic ladle-crane. The Bessemer blowing. 
engines are independent and of peculiar construction. There are 
also two Worthington compound pressure-pumps, each with four 
plungers of g} in. diameter, 36 in. stroke. All of the pressure. 
pumps are connected with accumulators in the converting, blooming, 
and open-hearth departments, so that the pressure is constant and 
regular. 

The Bessemer works are supplied with steam by a battery of nine 
4 ft. tubular boilers of Matthew-Moore type, and eight 5-ft. plain 
horizontal tubular boilers. The best average, although not the very 
highest work done, in the Bessemer department, was 82 heats of 7} 
tons each per 24 hours. The best weekly record reached 3700 tons 
of ingots, and the best monthly record, 16,000 tons. The best daily 
output was 670 tons. 

Many grades of steel are made in the converters, from the softest 
wire and bridge-stock to spring-stock. All the special stock, that is, 
other than rail, is carefully analyzed at the company’s chemical labora- 
tory, heat by heat, and the physical properties are determined by a 
tension test made on a bar one inch square and measured on twelve 
inches. From the results thus obtained, the use to which it is to be 
applied is determined. 

As a matter of interest, the fact may be mentioned, that the Cam- 
bria Company preserves as a relic the vessel in which Kelley endea- 
vored to make steel in 1860. It has an external diameter of 38 inches, 
an interior diameter of 30 inches and a height of 44 feet. The bot- 
tom was a perforated, unburned brick. The blast pressure was 5 
pounds. For reasons that are now obvious, no malleable metal was 
produced. 

The open-hearth plant consists of three Pernot revolving-hearth 
furnaces, fitted with all the recent improvements in roofs and ports, 
and also arranged in accordance with the principles which have made 
the American Bessemer works so much more productive and econo- 
mical than those which preceded them. There are two 16-feet pans 
of 15 tons capacity each, and one 144-feet pan of 12 tons capacity ; 
each one is supplied with gas by four Siemens producers. A sepa- 
rate pit, with an independent hydraulic ladle-crane of twenty tons 
capacity, is located in front of each pan, and hydraulic cranes of 
smaller capacity, for delivering the ingots to train cars, are conven- 
iently located. A Sellers steam-crane, of twenty-five tons capacity, 




















UNITED STATES. 805 


isalso in use for special purposes. A large part of the product of 
this plant is made in special castings, for use in and about the mills, 
for custom work, such as engine-shafts, gearing rolls, bridge-castings, 
etc. The smaller pan is now run on the Krupp dephosphorization 
process. The product of the two 16-ft. furnaces reaches 25,000 
tons a year. 

In the dlooming-mill the 40-in. blooming train, for blooming 184- 
in. ingots, is driven by a reversing engine with two cylinders, 40 in. 
in diameter, 48 in. stroke, and is geared to the train, three to one, with 
engine speed at go revolutions per minute. The train is two-high. 
The tables on both sides of the train are operated by hydraulic cylin- 
ders, and the screws for controlling the height of the top roll, are 
actuated by the same power, through a cylinder and gearing on the 
topof the housings. One-half of the weight of the upper roll is borne 
onsteelyards by counter-weights, and the balance of the power re- 
quired to raise it is supplied by hydraulic cylinders at each housing. 
The ingots weigh 5000 pounds each, and are rolled into seven-inch 
blooms, each ingot making six to eight rails. Eight Siemens heating 
furnaces are used, having an aggregate capacity of sixty-six ingots. 
They are supplied with drawing and charging apparatus, which is 
driven by an 18 in. by 20 in. vertical engine, power being taken from 
a line shaft extending along the ends of the furnaces. Twenty 
Siemens and four Wilson’s producers are used, steam blast being 
gradually substituted for natural draught throughout. 

The new blooming train now being built will be 48 in., two-high, 
driven by a pair of horizontal reversing engines, 44-in. cylinders, 60- 
in, stroke, speed 60 revolutions per minute, geared, two to one, to the 
train. The rolls, which are of steel, cast in the open-hearth depart- 
ment, are 8 ft. long between necks, 44 in. diameter, cored 20 in. 
diameter through the body, weigh about sixteen tons. The weight of 
the upper roll is carried as before described, the adjustable screws be- 
ing actuated by a sma!l two-cylinder reversing engine. The tables 
are 8 ft. by 30 ft., and are driven by bevel gearing on the end of each 
roller, power being supplied by a horizontal engine, placed at one end 
ofthe table. A pair of hydraulic cylinders push the finished bloom 
sidewise to the delivery rollers which carry it to the hot shears. The 
shears are driven by a 14-in. by 24-in. vertical engine. 

The foundations of the train and engines are constructed in a most 
substantial and durable manner, of cut stone, 12 ft. deep, laid upon a 
concrete bed 3 ft. deep. Both blooming trains are served by 25-ton 
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cranes for changing rolls, pinions, etc., besides the 4-ton hydraulic 
cranes for handiing ingots. A Sellers 24-ton, and Condie 5-ton 
steam-hammer are located conveniently near the trains. 

Twelve soaking pits, of the Gjers type, are now in process of cop- 
struction, being located within twenty feet of the 40-in. train, 
They are 21 in. square, 10 ft. deep below ground, covered by a 
hydraulic crane of 24-ft. jib. Hydraulic pressure is maintained by a 
Worthingtor. compound duplex pump, 9g4-in. plungers, 36-in. stroke, 
connected with accumulators giving 350 pounds pressure per square 
inch. The product of the 4o-in. train for the past year reached 
200,000 tons of ingots bloomed. Steam for the blooming mill and 
open-hearth plants is generated in twenty 48-in., and four 60-in, by 
18-ft. tubular boilers. 

The roll-turning department occupies the brick and iron building 
jointly with the doz/er and roof shops. Ten lathes are set in line and 
are driven by an 18-in. x 20-in. vertical engine. The largest lathe will 
swing a 48-in.x 14-ft. blooming roll; the smallest is for wire-rod rolls 
of 7-in. diameter and 10 in. long. The heaviest rolls weigh 16 tons. 
The lathes are all served by a portable crane running on a narrow 
gauge track in front of them. 

The smithery is a brick octagonal building, with a wooden trussed 
roof carried on a cast-iron column in the center; this forms a mast 
for a crane, which serves eight fires; four other cranes serve the 
remaining fires. There are two 1500-pound and one 2500-pound 
hammers. One wing serves as a store-room for iron and steel; 
another, 45 ft. x 60 ft., now being built on the opposite side of the 
octagon, will contain, when finished, a 2-ton steam-hammer, a large 
furnace, five single forges, and two 3-ton cranes. 

The extension of the machine-shop is two stories in height; the 
lower story is used as a locomotive shop, and the upper, which is 
reached by an elevator, is employed for the manufacture of small 
tools, taps, dies, etc. It contains lathes, drill-presses, shapers, planer, 
gear-cutter, and oil-testing machinery, and is driven by an 8-in. 
diameter, 9-in. stroke, horizontal engine running at 200 revolutions 
per minute, which also furnishes power to the 3-ton elevator. 

The main part of the shop contains a boring-mill with table 13 feet 
in diameter, one cylinder boring, and one 5-ft. boring mill; one floor 
boring-machine with iron floor-plate, ro ft. x 20 ft., 5 planers, ranging 
from 2 ft.x 7 ft. to 7 ft. x 30 ft. ; three shapers ; ten lathes, including one 
48-in. x 24 ft. bed, and a 7-ft. wheel lathe ; a 100-ton hydraulic wheel 
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, drill presses, gear cutters, and a complete range of modern 
tools for all purposes. For heavier work there is a combined slotter 
and boring-mill with a shifting table of 16 feet traverse. The slotter 
has a stroke of 4 feet, and the slotting head a movement of 12 feet 
across and 6 feet vertical. The boring-mill, being attached to the 
same cross-head as the slotting head, covers a like sectional area. 
The machine will therefore accommodate a piece of work 12 ft. x 6 ft. 
x 16 ft., and slot, plane, or bore it at one operation. For facilitating 
heavy work, the advantages of such a tool are obvious. 

The power in the main shop is furnished by a vertical engine with 
19-in. cylinder and 24-in. stroke, making 55 revolutions per minute, 
driving the line shaft at 150 revolutions per minute. The boilers, of 
tubular pattern, are located in a fire-proof building a short distance 
from the shop, and are six in number, 60 in. in diameter and 18 ft. 
long. They also furnish power to thirteen engines of various dimen- 
sions used in the foundry, boiler, and wood-working shops. 

The machine-shop also contains two 25-ton and three 10-ton jib- 
cranes. The tool-room is 50 ft. x 50 ft., adjoining the main building, 
and is provided with stone and emery grinders, lathes, presses, and 
other tools. 

The slopes of the hills flanking Johnstown have been cut through 
the coal measures, affording the outcrops of the lower five principal 
seams of coal, surmounted with a valuable bed of carbonate iron ore, 
the whole capped with the barren measures. 

The coal and iron ore-beds can be readily opened by adits driven 
into the hill-sides, affording ready drainage and easy access, and sup- 
plying the works with coal at a minimum cost, and of such quality as 
is desired in the varied metallurgical operations. 

The company own, in fee simple, 51,423 acres of mineral land, and 
have leased one thousand acres of Connellsville coking land, on which 
are five hundred bee-hive coke-ovens, which will afford a coke sup- 
ply for the next thirty years. 

It also owns several valuable tracts of land on the Menominee Iron 
Range in northern Michigan, on which have been opened eight large 
iron-ore mines, capable of producing 350,000 tons of Bessemer ore 
annually. 

The home mines of the Cambria Iron Company are located in the 
middle of the great Apalachian coal-field. The measures are nearly 
level, with sufficient inclination to afford equalizing gradients in mine- 
hauling, and ready exit to mine waters. 
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The Rolling Mill Mine is situated on the south side of the Cone. 
maugh River, opposite the iron and steel works. It is the main 
source of supply for these works, delivering from 150,000 to 200,000 
tons of coal per year. The seam is 3? feet thick, and the mining-face 
is 3 miles broad, with an outspread of coal in advance 5 to 6 miles 
square. The coal in this bed is specially adapted for heating and 
puddling iron, and generating steam, from the fact that its sulphur is 
fixed in plates of selenite, and goes into the ash rather than into the 
iron. The coal is hauled in trains, by mine locomotives from a cen. 
tral point in the mine, 14 miles underground, and distributed to all 
points of the works without breaking bulk. This mine also supplies 
coal for domestic use to the employees, as well as to many citizens of 
the towns. 

The Cushon and Lower Gautier Mines supply the Gautier steel 
and wire works. The coal is a little more bituminous than the 
rolling-mill bed. It is 3? feet thick, of very clean coal without slate 
partings. These mines produce from 80,000 to 100,000 tons of coal 
annually. 

The Woodvale Mine is located on the south bank of the Conenfaugh, 
near Johnstown. It supplies coal to the large woolen and flouring 
mills at this place. 

The Conemaugh Mine is situated north of the furnace of that name, 
supplying its coal for making coke. This coal is similar in quality to 
that of the Cushon Mine, and makes a good quality of coke. 

The Bennington Slope Mine,on the eastern slope of the Allegheny 
mountains, near its summit at Gallitzin, is worked in the second coal 
bed of the lower measures. It is 3 feet thick and produces about 
110,000 tons of coal annually. The main portion of its output is used 
to supply the 100 bee-hive coke-ovens at this mine. The coke pro- 
duced is second only to the standard Connellsville coke. This coal 
is also excellent for smithing purposes, and is shipped to Johnstown, 
Hollidaysburgh and Springfield. 

The Morrell and Wheeler Slope Mines, near Connellsville, in the 
great coke region, supply coal for 500bee-hive coke-ovens. The coal 
bed is about 8 feet thick, soft and easily mined. These mines 
have an annual output of 300,000 tons and furnish coal for the princi- 
pal supply of coke for the Cambria Iron Company’s furnaces. It is 
the best coke that has yet been made in America. 

The yearly output of all the company’s coal mines is about 
650,000 tons. 
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Benshoof*s Mine, at Johnstown, has been producing 30,000 tons of 
carbonate iron-ore per year, until recently. The seam is from 18 to 
goinches thick. A small coal-mine attached supplies coal for burn- 
ing this ore. 

The Frankstown fossil ore-mines are three miles east of Hollidays- 
burgh, and have yielded 30,000 tons of ore yearly. The ore is 18 in., 
of good quality, and yields 45 per cent metallic iron. 

It is a peculiar local deposit and has not been found at any other 
place in a workable condition. It is distinct from the regular and ex- 
tensive fossil ore-beds in the higher portion of the Clinton Group 
formation. 

The Springfield mines consist of four sections of an extensive 
hematite ore-range. The ore is found, mixed with clay, in large pits 
in limestone, resting, sometimes, on the Potsdam sandstone. 

The ore is washed in a series of Thomas washers, and some of it is 
jigged in Bradford's jigs, affording an average of 40 to 45 per cent of 
metallic iron. 

The four mines at this place produce from 45,000 to 50,000 tons of 
excellent Bessemer ore yearly. They are all about 70 miles south- 
east of Johnstown. 

The Henrietta Mine is similar in general shape and mode of work- 
ing to the Springfield mines, but the ore is not so valuable for Besse- 
mer steel, and has therefore been suspended for the present. 

The annual product of the “‘ Home mines” ranges from 150,000 to 
200,000 tons of ore. 

Michigan Mines.—The Menominee iron ore mines consist of eight 
large mines opened on this range along the Menominee River R. R., 
a branch of the Chicago and Northwestern R. R. The mines occupy 
points along 8 miles of this iron-ore range and have an aggregate an- 
nual capacity of 350,000 tons. This ore is mainly of the best quality 
for Bessemer iron, and is shipped by rail to Escanaba, thence by lake 
to Cleveland, and thence by rail to Johnstown. 

The mines are in good condition, with plants of modern winding 
and pumping machinery. The ore deposits are in lenticular masses 
from 6 to 200 feet thick. 

The Cambria Company receives about 150,000 tons of limestone 
yearly for use at the home furnaces. It owns the large quarries at 
Birmingham, near Tyrone, from which 76,000 tons were shipped in 
1883. It rents the Cresswell quarries at Hollidaysburgh, controls two 
others in that vicinity, and has a dolomite limestone quarry near Hen- 
fetta, in Blair county. 





















$$$ $$ 


a 2 


MP aa BF 


“ay 








810 THE ESTABLISHMENT OF STEEL GUN FACTORIES, 


The company purchases manganiferous and other ores, of which 
an estimate would probably be 40,000 tons annually. 
The following table will give the 


Tons. 
Average yearly coal output . . 650,000 
as “ jron-ore output . 450,000 
. “ limestone“... —«150,000 
. “purchases . . . 40,000 
oC ee eT 


The large tracts of coal, iron-ore and limestone lands, owned by 
the company, have all been carefully selected for specific purposes in 
the several metallurgical processes in the manufacture of iron and 
steel rails, and the other varied products of the works, enabling it to 
control and regulate these supplies so as to insure the utmost economy 
and to command a wide selection of ores and fuel for the production 
of the best materials of each kind. They also render the manage- 
ment independent of fluctuations and vicissitudes of the general 
market, and enable it to sustain a high degree of uniformity in the 
quality of its productions. 

The property is well provided with rai/ways. The company 
owns and operates over 30 miles of standard, and 52 miles of 
narrow-gauge road, more than 40 miles of which are underground. 
The transportation of the coal and ores from the mines to the mills 
and blast-furnaces, and of the pig metal and crude and finished pro- 
ducts to the various parts of the works as required, is done by loco- 
motives, of which there are 23, varying from the largest, ordinary 
type of 37 tons, standard gauge, to the 6-ton narrow-gauge stackless 
locomotives that are used in the mines. There are in service 360 
standard-gauge cars for carrying coal, coke, ore and limestone, and 
1000 narrow-gauge cars for transporting ore and coal. The number 
of standard-gauge cars handled in and out of the works averages 
gooo per month. 

The products of the establishment are distributed by the Pennsyl- 
vania, and the Baltimore and Ohio railroads, the extensive connec- 
tions controlled by them in every direction being thus reached 
directly ; those of the southwest, including the extensive territory 
commanded by the navigation of the lower Mississippi, are reached 
by the slack-water navigation of the Ohio river from Pittsburgh. 

An important feature of the organization consists in the extensive 
collateral industries that it has established and developed. 
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The Woodvale Woolen Mill, located a short distance east of Johns- 
town, on the Pennsylvania railroad, has twelve sets of cards and a 
monthly capacity of 50,000 yards of finished cassimeres, the product 
being chiefly sold in eastern markets. This mill largely employs 
the labor of the women of the families of operatives in the iron and 
steel mills. 

The Woodvale Flouring Mills, situated here, have a daily capacity 
of 150 barrels. These mills are built of brick, are large and well 
adapted to their special needs, equipped with modern machinery, and 
protected from fire by the most recent fire-extinguishing devices. 
Power is supplied to the flouring mill by an 18-in. x 48-in. engine, 
and to the woolen mill by a 30-in. x 42-in. vertical engine. Another 
flouring mill is located at Hollidaysburgh, with a daily capacity of 50 
barrels. 

The firm of Wood, Morrell and Company, limited, has a large 
store at Johnstown, divided into seven departments, each of which 
isentirely distinct and conducted as a separate organization, The 
departments sell articles of all descriptions and transact an annual 
business of upwards of 1,000,000 dollars. The firm has stores 
also at Hollidaysburgh, Bennington, Springfield, Frankstown, Hen- 
fetta, Birmingham, and Morrell. It has an abattoir at Johnstown in 
which 20 to 25 head of heavy western cattle, and 75 to 100 head of 
hogs, sheep and calves are slaughtered per week. A smaller abattoir 
issituated at Hollidaysburgh. 

Among other industries in which the company has a controlling 
interest may be mentioned érickworks that have a capacity of 25,000 
machine-made red bricks per day; gas-works sufficiently large to 
supply not only Johnstown, but its numerous contiguous boroughs ; 
water-works, supplying by gravity the mills and town from four main 
sources of supply. One, with a dam of 6,000,000 capacity, 170 feet 
head, is located on the Conemaugh River, 53 miles distant; one, with 
adam of 5,500,000 capacity, 165 feet head, on Laurel Creek, four 
miles distant; one with a dam of 21,000,000 capacity, on St. Clair 
Creek, 3 miles distant, in the mountains, from which the drinking 
water used throughout the mills and town is obtained; and one 
pumping station at Coopersdale, two miles below the works on the 
Conemaugh River, equipped with two Worthington compound duplex 
pumps with 21-in. and 36-in. steam cylinders, and 22-in. plunger of 
jf. stroke, each with a capacity of 5,000,000 gallons per day ; also a 
teserve pump at Woodvale woolen mills of same size. Numerous 
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pressure pumps distributed throughout the mills and blast-furnaces, 
three steam fire-engines in the town, and automatic fire-sprinklers jn 
the various shops, constitute a formidable safeguard against loss by 
fire. 

The works are lighted by 95 electric lights of the Brush and the 
Thomson-Houston patterns. The dynamo-electric machines are 
centrally located and are driven by a Porter-Allen high speed engine 
of 100 horse-power, supplied with steam from blast-furnace boilers, 
All parts of the establishment are connected by ¢elephone, 

The Cambria Iron Company has taken every means to improve 
the condition of its workmen. The /érary is a large and hand- 
some structure built by the company, endowed by the liberality of its 
stockholders, and especially designed for this purpose. Besides its 
collection of 6000 volumes, it contains a fine reading-room and an 
abundant supply of daily newspapers, periodicals and magazines, A 
chess-room occupies a part of the building. The upper story is used 
as a lecture and class room and is in constant use throughout six 
months of the year. Mechanical and free-hand drawing, mathe- 
matics, geology, physical geography, political economy, and chen- 
istry are taught in the evenings by instructors provided by the 
company without expense to the pupils. 


A Mutual Benefit Association and Accident Insurance Company, 
established under the supervision of the Administration, is in success- 
ful operation. A surgeon is employed to attend all employees injured 
in or about the mines or works, and an ambulance is always in readi- 


ness. 

The workmen are encouraged to build their own houses; upon 
application, a lot is assigned by the company, the necessary building 
materials are furnished, and the price is deducted in small sums from 
the wages of the applicant until the debt is paid. 

The Cambria Iron Company is entirely independent of “ unions.” 
After the strike of 1874, when the works were stopped for six weeks, 
a special police force was organized to protect the company’s men, 
and a rule was established that any person belonging to any secret 
organization or open combination, whose aim was to control the 
wages, or stop the works, or any part thereof, should be promptly 
discharged. It is notable in this connection that during the labor 
riots at Pittsburgh and elsewhere in the summer of 1877, there was no 
strike among the Cambria’s workmen. 

At the time of first building the works at Johnstown, the popula- 
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jon of the town was about 2000. It now contains, with its four 
adjacent boroughs, more than 22,000 inhabitants, of whom the follow- 
ing numbers are employed in the various departments : 


Mines and Coke Yards, Johnstown............ jadi: eaten santeeneh seeebien 
Blast Furnaces............ 

Bessemer Steel Works.. 

Open-hearth “ 

Rolling Mills 


Gautier Stee] Depart’t.. 

Johnstown Manuf. Co.. 

Wood, Morrell & Co.... 

Blair Iron and Coal Co 

TEED GUNN VOCE Recs icon. cocancess 9 inceesenensnehescen seceonsnonen 
Menominee 

Springfield 

Midvale Steel Works.—The works of the Midvale Steel Company 
(Plate LX XI.) are situated at Nicetown, within the city limits of Phila- 
delphia, and on the line of the Germantown branch of the Philadelphia 
and Reading Railroad. The erection of the works was begun in 1866 
by other than the present management. They were at first planned 
for the production of crucible steel only, with locomotive-tires as the 
principal finished product. In 1869-70, a rolling-mill was added to 
the plant, and a 23-inch train put in for the purpose of rolling the 
steel for the St. Louis bridge. This undertaking proved very dis- 
atrous, financially. The losses thereby incurred, together with 
former bad management, brought the works practically to a stand- 
still as regards the manufacturing, although its financial credit was 
maintained. 

In the meantime, a small open-hearth furnace had been added to 
the plant, but no satisfactory products were obtained. 

After various vicissitudes, the works passed into the hands of the 
present management in 1873. From this date, the production of 
open-hearth steels received special attention, and rapidly replaced the 
crucible steels. At the present time, almost the entire product of the 
works is melted in open-hearth furnaces, small quantities of special 
steels only being made in crucibles. 

In the development of the open-hearth process, the wide range of 
its capabilities was soon recognized, and the general principle was at 
a early date laid down, that, with a careful and systematic use of the 
chemical laboratory and testing machine, steels of almost any required 
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hardness and quality could be produced. The laboratory at once 
found ample employment in determining the quality of and classifyi 
the large amounts of unknown scrap that had been left on the ground 
by the former management. Great benefit has also been derived 
from the very large amount of chemical work done in raw material, 
in products, and in samples of steels of other manufacture, in devel. 
oping the system now in force, in determining what grades are best 
suited for given purposes, and in producing with certainty products 
of a desired composition. 

In the present plant, the me/ting department comprises three open- 
hearth furnaces—one of 7 tons, and two of from 12 to 15 tons capacity; 
also the old crucible foundry, which contains a number of coal-melting 
fires and one 30-pot Siemens gas-furnace. The addition of a 25-ton 
travelling-crane to the open-hearth plant is contemplated, by which 
the products of two or more furnaces can be brought together and the 
casting of heavier ingots effected. 

The forge contains eight steam-hammers, all but one of Wm. Sel- 
lers and Co.’s manufacture. The largest has a falling weight of 9 tons, 
with top pressure steam. Its tup weighs 7 tons. It is considered 
that an ingot 30 inches square offers the maximum section which this 
hammer can penetrate. The products of the forge consist of punched 
and beaked tire-blooms prepared for rolling into tires, general loco- 
motive forgings, car-axles, hammered tool-steel, and miscellaneous 
forgings, large and small, including those for ordnance purposes. 

The “re-mil/ contains one horizontal Galloway mill, on which tires 
up to 80 inches external diameter can be rolled. The larger portion 
of the total product of the works is now turned out from this mill. 

The rolling mill contains a 23-inch and a 12-inch train. The 
former is notable, in that the material for the two most prominent 
steel-bridges (St. Louis and Brooklyn) in the country has been rolled 
on it. On the 12-inch train, general merchant bars are produced, 
including a considerable amount of gun-barrel steel. The larger 
portion of gun material used at the Springfield Armory, of late years, 
has been rolled on this mill. 

A machine-shop now contains principally tools for turning and bor- 
ing tires, and turning axles. 

The new machine-shop is about completed. It is so planned that 
it can be extended for the reception of heavy lathes and other tools 
for ordnance work. 

The moulding-shop, fitted for moulding steel castings, is in constant 
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we,and an approach to perfection has been attained in the production 
of solid steel-castings. 

While the oz/-tempering plant, O (Plate LXXI.), for tubes, jackets, 
ad heavier forgings, is an experiment, some excellent results have 
dready been obtained, and hoops, projectiles, and gun-forgings have, 
fr some time, been successfully treated. 

Numerous hydrants H, pumps P, and fire-stations, FS, provide 
mm efacient defence against fire. 

The first attempts in the production of material for ordnance was 
made in 1877, when a number of short tubes were manufactured for 
the Bureau of Naval Ordnance, to be used in lining 100-pounder and 
fopounder Parrott guns. The quality of these tubes was thoroughly 
tested before acceptance, by breaking transverse and longitudinal 
tet-bars cut from them. The results of these tests were in general 
very satisfactory. A long, soft tube, and a harder jacket were made 
in 1878 for the conversion of a 10-inch Parrott into a g-inch rifle. 

A number of howitzer-forgings have also been furnished to the 
Navy from time to time. In the spring of 1881, the steel parts of the 
Lyman-Haskell 6-inch multicharge gun were fabricated. These con- 
ssted of a forged tube and breech-extension piece, and unforged solid 
astings for the powder pockets. The tube was 23 feet long, of 104 
to 114 inches diameter, and weighed nearly 4 tons. 

In the spring of 1882, the manufacture of various parts of two 
experimental 6-inch all-steel breech-loading rifled guns was under- 
taken for the Navy. These parts were furnished in the rough, and 
the guns were fabricated at the Washington Navy Yard. One of 
these guns was to be hooped, and the other wire-wound. The 
hooped gun has recently been completed, is now being tested at the 
proving-ground at Annapolis, and is the first all steel 6-inch breech- 
loading rifle manufactured in the United States, entirely of American 
material. 

There are now in process of manufacture, the parts of a number of 
§ and 6-inch all-steel hooped guns intended for the armament of 
the new cruisers. 

An experimental steel tube has been recently furnished to the 
Army Ordnance Department, for the conversion of a 10-inch Rod- 
man gun into an 8-inch rifle ; and a number of hoops, both rolled 
ad hammered, are now being fabricated for hooping a i2-inch cast- 
ifon mortar, and an 8-inch all-steel, built-up breech-loading rifle. 

The results of the careful mechanical tests, made in these various 





cs 2 


“er ae 
2s 


ona 


i 
| 
he 














816 THE ESTABLISHMENT OF STEEL GUN FACTORIES, 


parts, are of such a satisfactory nature as to leave no reasonable 
doubt that material, well suited to the construction of high-power 
steel guns, can now be furnished at these works with certainty, up to 
the capacity of the present plant. 

The management has stated that what will be done in the near 
future, in the direction of adding such appliances as will render pos- 
sible the manufacture of parts of guns of larger caliber, will largely 
depend upon what steps are taken by the Government to insure a 
sufficient amount of work to justify the large outlay necessary,* 


Springfield Iron Works.—This establishment is situated at Spring- 


field, Illinois, 95 miles from St. Louis, and 180 from Chicago. It is - 


in direct rail communication with all parts of the United States, eight 
important railways centering here. The iron-ore markets of the 
above-named cities are therefore in convenient connection, and the 
shaft of an extensive bituminous coal-field is within 500 feet of the 
works. The supply of coal and ore is thus cheap and certain. 

The works cover a level tract of 45 acres, and in July, 1882, com- 
prised the following plant : 

The puddle-mill, put in operation in 1872, contains: six double 
puddling furnaces ; one train of two stands of 18-inch rolls, squeezer 
attached, driven by a 28x 60-inch horizontal Corliss engine ; also a 2- 
ton hammer for shingling puddled balls. 

The vaz/-mii/, put in operation in 1872, contains: six Siemens gas- 
heating furnaces, and twenty gas-producers ; one 23-inch train of rolls 
with three stands, driven by a vertical engine 40-inch diameter, 36- 
inch stroke ; also supplied with Maharg’s charger, a steam pull-out, 
and Gustin’s hot-curving apparatus; product, steel and iron rails; 
annual capacity, 60,000 net tons. 

The dar-mill, put in operation in 1878, contains: four Siemens 
gas-heating furnaces; one 16-inch train of rolls and one 12-inch 
train, driven by a vertical 29x 39-inch Corliss engine; product, fish 
plates and bar iron; annual capacity, 20,000 net tons. 

The steel-melting house contains two 15-gross-ton Siemens open- 
hearth furnaces with Pernot hearth, built in 1879, from which the first 
steel ingot was made in 1880; one Pernot furnace and two cupolas 
for pre-melting for the steel-making furnaces, and for dephosphoriz- 
ing the metal by the Krupp process (see page 771); twelve gas- 
producers, 

The d/ooming-mill contains: a stand of 304-inch rolls, built in 1879, 


* See Letter, page 567. 
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ls all fixed ; two Siemens heating-furnaces, with power fixtures for 
charging and drawing; shears for cutting blooms; blooming-train 
na by a 32x 60-inch Corliss engine; steam supplied by six tubular 
gel boilers ; sixteen gas-producers supply the furnaces in the bar 


nd blooming mills. 
Ofthe open-hearth plants, Mr. A. L. Holley and Mr. Lenox Smith, 


nan article published in the London Engineering, May, 1880, wrote : 


The Springfield Iron Co. was the first in the United States to adopt the 
Krupp system of washing phosphorus out of pig-iron, and the second to intro- 
dace the Pernot revolving and movable hearth,—two systems essential to the 
deap manufacture of open-hearth steel. 

The furnaces stand high enough to give a roomy and well-ventilated floor all 
yound them on the general level, and also a conveniently shallow casting-pit. 
The upper part of the regenerators, and also the reversing-valves, stand acces- 
sly above ground. 

The charging-floor and appurtenances are on the opposite side from the cast- 
ing department. A movable charging-platform on the tapping side, as at St. 
Chamond, France, is very inconvenient. 

Casting is done by means of an ingot crane of large radius, rather than by 
the less convenient and less easily moved ingot-car. There is a platform in 
font of the furnace for dressing the tap-hole. ‘The arrangement is such that 
the ladle may be moved over the ingot-moulds; or, steel may be running into the 
ladle and at the same time out of the ladle into a group of moulds. 

The furnaces stand in a single line, giving a concentrated stock-yard and a 
producer-house (reached by the same elevated railway system) on one side, and 
acool casting-house and an ample ingot-yard at the other. 

The chief advantage of the revolving-hearth is mechanical agitation, which 
facilitates the chemical reactions. The important benefit of the removable 
hearth is convenience and economy of repairs. The ordinary repairs do not, 
asin the case of the stationary hearth, interfere with the continuous production 
of steel. y 

The sustaining and revolving gear of the hearth are not materially changed 
fom Mr. Pernot’s designs, page 692, except that a water-cooled center pintal 
has been provided to resist the lateral thrust of the hearth. 

The arrangement of the pig-melting and washing apparatus is intended to 
promote the least handling of materials, and also good ventilation. This mat- 
tr of ventilation, so often alluded to, is one upon which great stress is laid. 
The concentrated heat in the working places of many establishments is so try- 
ingthat men cannot do a normal day’s work, and cannot continue the work they 
do year after year. It is not only economical, but humane, to arrange a plant 
so that men can comfortably perform the best work there is in them. 

The cupola furnaces are set 12 feet from the open-hearth house, and their 
slag discharge is directed away from other operations. One hydraulic hoist 
nises materials with equal convenience to the charging-floors of the cupola, 
and to the washing and steel furnaces. The flow of fluid metal from the 
cupolas to the washing-furnace, thence to the ladle, and thence to the steel-fur- 











818 THE ESTABLISHMENT OF STEEL GUN FACTORIES, 


naces, is short and direct. There is no lateral transference of melted metal in 
ladles ; the washed-metal ladle stands permanently on a lift, and is once raigeg 
vertically. The time and labor attendant upon swinging, turning, and draw- 
ing about heavy ladles on cranes, turn-tables, and cars are expensive and the 
chances of accident are great. 


At the present time three Pernot open-hearth furnaces are go 
arranged that an ingot of 40 tons can be readily cast, and a large roll 
for steel plates of great thickness and up to 110 inches wide, has 
recently been completed ; but no provision for forging masses equal 
to its casting capacity has yet been made. 

The management has indicated its willingness to undertake the 
development of an adequate plant for providing steel for moder 
guns if a “fairly remunerative business” is assured. * 

A large number of steel manufactories are supplied with steam. 
hammers of from 3 to 4 tons tup: the following table contains a list 
of the principal steam-hammers in the United States, having a tup 
heavier than ‘4 tors: 





Name of Company. Where Situated. tee Tup, 





Cincinnati Rolling Mill |Cincinnati, Ohio 

Old Fort Iron Mills............ penne |Brownsville, Pa 

Edgar Thomson Steel Works... _.|essemer, Pa 

Pennsylvania Steel............0. 2. | DteCltOn, Pa. ...... eeeee cece seeees 
Midvale Steel.............00 +. 008 esse.) Nicetown, Philadelphia, Pa.... 
Standard Steel Works 

Navy Yard 

Standard Steel Works 

Navy Yard 

Nashua Iron and Steel............... indian. N. H 


Pennsylvania Steel........ |Steelton, Pa 


Bridgewater Steel a Mass 


Park, Brothers & Co ‘ere Pa 








* See Letter, page 568. 
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Emery Testing Machine.—This machine is the property of the 
United States Government and was manufactured for the Board of ~ 
Engineers created to test iron, steel, and other structural materials. — 
Among various provisions, the Chief of Ordnance, War Department, ~ 
is required to “give attention to such programme of tests as may be 
submitted by the American Society of Civil Engineers, and the record 
of such tests shall be furnished said society, to be by them published ~ 
at their own expense.” 
The machine, composed of parts manufactured at various foundries ~ 
and shops, was erected in 1879 at the Watertown Arsenal, Mass. 
The following extract is taken from a description prepared by Captain 
]. Pitman, U. S. A., and published with 12 plates in the Report of 
the Chief of Ordnance, War Department, for 1883: 


The United States Government testing machine is the invention of Mr. A. 
H. Emery, of New York. 

It is a horizontal hydraulic machine, has a capacity of 800,000 pounds for 
strains of tension and compression, and can test specimens of any length up to 
30 feet, and of width not exceeding 30 inches. By a slight modification it is 
adapted for compression tests of 31 feet 2 inches in length, and for tensile 
tests of eye-bars 37 feet 3 inches from center to center of eyes. 

The principal parts (Plate LX XII.) are the platforms of a hydraulic scale at 
one end and a straining press at the other, connected by two 84-inch wrought- 
iron screws E, 48 feet long, supported horizontally 47 inches above the floor and 
soinches apart. Four bronze nuts working upon these screws are in contact 
with either end of the press, and are connected by gearing with a splined shaft 
below, extending between tracks parallel to the screws. This shaft is actuated 
bya live head at one end worked by steam-power. 

The straining press A has a cylinder 20 inches diameter and 24 inches stroke. 
It is mounted on a truck which runs on the tracks between the screws, and is 
brought nearer to or farther from the scale platforms, to accommodate different 
lengths of specimens, by operating the live head which revolves the shaft, 
which in turn works the bronze nuts. 

The scale platforms B are vertical, and capable of a slight longitudinal move- 
ment, being suspended and restrained by vertical and horizontal springs, which 
also serve to give the platforms an initial pressure against each other. Between 
the platforms are placed, symmetrical with the line of traction, four sealed 
columns of liquid D, called supports, which, when the platforms are pulled or 
pressed together by the movement of the piston of the straining press attached 
to the other end of the specimen being tested, receive the strain and transmit 
it through one-tenth inch copper tubes to four similar but smaller supports in 
the scale case. ‘These act by their expansion on levers, raising a vertical rod 
which presses against the Jeam of the scale. The weights required to balance 
this beam indicate the strain on the specimen in the machine. 
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The hydraulic power is supplied bya steam-pump working into an accumulator, 
instead of into the straining-press cylinder “irect. This avoids the pulsations 
caused by pumping, and facilitates the manipulation of the machine The 
accumulator has a vertical 10-inch cylinder and ram ; the latter of which in tum 
contains a 5%-inch ram. Either ram may be used to lift one, two, or three 
heavy masses of masonry, which are keyed, when desired, to a vertical 
wooden post resting on the inner and smaller ram. This arrangement allows 
of a variation of pressure from 380 to 3400 pounds per square inch, or on one 
face of the piston of the straining-press cylinder—having the largest available 
area—a pressure varying from 119,300 to 1,068,000 pounds, and on the other 
face a pressure varying from 89,500 to 801,100 pounds. The larger limit occurs 
in the case of compression, and the smaller in the case of tension tests, 
Either ram and one or more of the weights can be used, depending upon the 
strength of the specimen. 

The liquid (sperm oil) being pumped from a tank into the accumulator, the 
pressure obtained by means of the weights is transmitted to either end of the 
press cylinder by jointed pipes P, controlled by valves in the scale case, the 
handles of which are convenient to the operator’s hands. 

Attached to the piston rod of the straining press, and mounted on a truck so 
that it can move with the press, is the movable holder. A like but stationary 
holder is attached to the scale platform, but is balanced on vertical rods. These 
holders, consisting each of three heavy castings, are furnished with hydraulic 
presses, and have for their function to grasp between their jaws each an end of 
the specimen to be tested. 

In addition to the scale beam, which weighs the load received at one end of 
the machine, pressure gauges C indicate the strain inthe cylinder, Like gauges 
also indicate the pressure of the jaws upon the specimen. 

Underlying the whole machine is a solid masonry foundation, upon which it 
rests. The tracks are bolted to this foundation, and are laid in sulphur bear- 
ings. At the platform end there is a thick cast ded plate, on the same level as 
the tracks, likewise laid in sulphur, and firmly fastened to the foundation, 
Upon this bed plate rests a large cast-iron box-like stanchion, upon which are 
suspended by springs and rods the platforms themselves and their holder. It 
also has four pillow blocks, which support one end of the great screws ; their 
other ends being supported by spring struts. There are also intermediate rests 
R, for the screws, and dcarings for the splined shaft, which are so pivoted and 
balanced as to turn down out of the way of the movement of the press and its 
holder. 

All the parts above the ded plate are stationary when in use, as regards their 
relative positions only, the whole system being allowed a slight longitudinal 
motion, which is gradually checked by buffer springs. This prevents injury 
from the shock of reaction, resulting from the sudden breaking of the specimen. 


It is claimed for the Emery machine that it has “ over any other, 
an advantage as regards capacity, delicacy, accuracy, convenience of 
application, and manipulation, and impunity from injury due to the 
shocks of recoil.” 
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Another very interesting description was published in “ Mechanics,” 
Vol. IV, Nos. 96 and 97. 

Mr. Arthur V. Abbott, in his article on ‘‘ Testing Machines,” written 
for “ Van Nostrand’s Engineering Magazine” (Nos. 183, 184, 185), 
states that he is of opinion that the results of this machine are liable 
to criticism because “the only method of insuring the coincidents of 
the axis of stress and the axis of the specimen is by carefully meas- 
uring and centering the piece with reference to the axis of the 
machine, and in one built on so large a scale as that at the Watertown 
Arsenal, much more time may be consumed in this process of center- 
ing than in any other part of the test.” He considers, however, that 
its great merit lies in its sensibility. 


PRESENT CONDITION OF THE ARTILLERY OF THE UNITED STATES. 


“To recite under this heading the present armament of the 
country is unnecessary. Before the introduction of rifled 
cannon and the use of steel as the material for their construc- 
tion, the United States boasted of her Dahlgren and Rodman 
cast-iron guns, which were the models for imitation and the 
standards for comparison of all nations. 

While the rest of the world has advanced with the progress 
of the age, the artillery of the United States has made no step 
forwards. Its present condition of inferiority is only the natural 
result of such want of action.” * 


Under the small appropriations, made by Congress at its last 
session, some advance has been made in experiment, and the follow- 
ing contracts were made by the War Department: 

1. For converting fifty to-inch Rodman smooth-bore guns into 8-inch rifles, 
by lining with a coiled wrought-iron tube. 

2. For making two 12-inch cast-iron breech-loading rifles, one of which is to 
be lined as far as the trunnions with a steel tube wrapped with wire. 

3. For making one 12-inch cast-iron mortar, banded with steel hoops. 

4. For making one to-inch cast-iron breech-loading rifle, wrapped with steel 
wire, and one 12-inch cast-iron breech-loading rifle, tubed, and banded with 
steel hoops. 

5. For the tubes, hoops, &c., for one 8 and one to-inch steel rifle. 


In the Navy Department, the Chief of Ordnance, though limited 
by insufficient appropriations, has been enabled by the purchase of 


*Gun Foundry Board Report. 
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material abroad and the assistance of the Midvale Steel Company, to 
advance the fabrication, at the machine-shops of the Washington 
Navy Yard, of seventeen all-steel guns of from 5-inch to 1o-inch 
caliber, from designs that promise excellent results. 

Plates LXXIII., LXXIV., represent the Bureau’s designs for the 
construction of 6-inch and 8-inch breech-loading hooped guns, They 
are of the type generally accepted by the leading artillerists, the 
longitudinal strength being provided by the long jacket, while the 
tangential strength is increased by a judicious arrangement of hoops, 

The 6-inch hooped B. L. R. (Plate LX XIII.) is composed of a 
chambered tube 15 feet 4 inches long, a jacket J, 6 feet 1.4 inches 
long, and a series of hoops A, B, C, D, E, F, G. Its weight will be 
11,000 pounds, and the center of gravity at the center of trunnion. 

The locking edges of the jacket and hoops are so finished that the 
strain will be equally distributed at every point in a direction perpen- 
dicular to the tangent of that point, instead of being concentrated at 
the weakest azgu/ar spot. The trunnion-hoop is screwed into 
position. 

The 8-inch hooped B. L. R. (Plate LX XIV.) will weigh 27,600 
pounds, and is of similar construction, with a chambered tube of 30 
calibers, and a jacket about two-fifths its length. An_ interrupted 
screw will close the breech, and in all guns will engage in the jacket. 

Excellent ballistic results have been obtained at the naval experi- 
mental battery, with a 6-inch B. L. R. of similar construction recently 
fabricated at the Washington Navy Yard. 


Wire Construction.—The state of wire-construction in the United 
States continues to be experimental. Since the bursting of the 
Woodbridge 10-inch M. L. wire rifle, October 18, 1881, Mr. Wood- 
bridge has departed from the principal feature of his system—winding 
wire in successive layers upon a steel tube—and now proposes to in- 
troduce longitudinal bars, surrounding part of the tube with a broken 
jacket instead of the well-forged solid jacket so generally accepted. 

In a pamphlet relating to gun construction on the plan patented by 
him, Mr. Woodbridge has given the following as the principal 
features of the system : 

The material of which the gun is principally composed is steel wire, drawn 
square, with the corners slightly truncated. 

This is wound upon a steel tube, in successive layers. A sufficient number 
of wires are wound at once to form, when placed side by side, a band about 
equal in width to the diameter of the bore of the gun, which gives them the 
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The tube is closely covered in this way, from end to end, 


proper obliquity. 


and with layer after layer, until the mass has reached the full size of the gun. 


The whole is then inclosed in an air-tight case of boiler-iron, and, thus pro- 
tected from oxidation, is heated to the melting-point of bronze, when liquid 
bronze is supplied in such a way as to interpenetrate the mass and unite it 
when cooled, in one solid piece, to be afterward turned and finished to the 
proper form and dimensions. 

The steel tube on which the wire is wound should be at least thick enough 
to permit its being re-bored to the proper caliber and rifled, without cutting 
through it (as it would be undesirable that the surface of the bore should pre- 
sent two metals), some allowance being also made for a possible slight swag- 
ging or warping in the process of construction. It may sometimes be desir- 
able to employ a thicker tube—the only objection in any instance being the 
substitution of the inferior metal of the tube for the stronger material sur- 
rounding it. Its length must exceed the finished length of the gun. Each end 
is provided with a flange, screwed on—the flanges being serviceable for fasten- 
ing the ends of the wires, and for security in handling after winding. It should 
be closed at the breech end. 

For the purpose of winding, the tube is rotated in a lathe or winding-machine, 
the wires being drawn between friction-plates which are carried, as the wind- 
ing advances, with a regulated motion, in a line parallel with the tube. 

In heating for the brazing process, the closed end of the tube (or breech end 
of the gun) is placed downward. 

The trunnions of the gun may consist of bronze employed in the process of 
soldering, spaces for receiving the metal being provided within the case pro- 


tecting the wire from oxidation. 


The most practical application of the wire question appears in the 
designs for 6-inch and 8-inch wire-wound B. L. rifles, prepared by 
the Bureau of Ordnance, Navy Department. In them the weight of 
the gun is decreased and the tangential strength increased by substi- 
tuting wire for the hoops. 

The 6-inch wire-wound B. L. R. (Plate LX XV.) consists of a cham- 
bered tube 15 feet 4 inches in length, a jacket J, 7 feet 3 inches long, 
and the wire wrappings. The trunnion-hoop will be in two parts 
and screwed as indicated in the plate. In the alternate, the locking- 
ring a may or may not be used. The weight of the gun will be 10,500 
pounds, including the breech-plug, and the center of gravity will be 
at the center of trunnions. 

In the 8-inch wire-wound B. L. R. (Plate LX XVI.) the chambered 
tube will be 20 feet 5 inches long, and the jacket J, 9 feet. The weight 
of the gun, 26,500 pounds, is more than 1000 pounds less than that of 
the hooped-gun of same caliber. The construction and fitting of the 
trunnion hoop are similar to those in the 6-inch wire-wound B. L. R., 
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and, as in that gun, the locking-ring @ may or may not be used, 
Either the hoops x, ”, or the wire alternate may be employed. 

As in the hooped guns the interrupted screw breech fermeture wij 
engage in the jacket. 

Mr. Woodbridge has been superintending the construction of a 
wire-winding machine, and in common with others who have been 
developing the system, has met many troublesome questions. Some 
of the difficulties have been overcome by the Inspector of Ordnance 
and his assistants at the Washington Navy Yard, and, from successfuJ 
experiments with it, it is believed that a satisfactory machine has been 
obtained ; but, quoting the words of Sir William Armstrong in refer. 
ence to the system of wire construction: ‘“ Of the theoretical advan. 
tages of this system there can be no doubt, but the difficulties only 
begin when we endeavor to put the theory into practice, and no solu- 
tion of the problem of how to do it can be accepted without the pro- 
duction and trial of an actual gun.” 




















VII. 
PLANT FOR THE MANUFACTURE OF GUNS. 


“From information gained in its investigations and from con- 
sultation with the managers of those large establishments 
abroad where gun tools are made, the Board submits the fol- 
lowing estimates : 

As it will recommend that “for the manufacture of heavy 


ordnance adapted to modern warfare,” the steel should be ~ 
produced by private companies and the guns fabricated in 
Government shops, these estimates will be made under three ; 
heads, viz. : 
I, Machines and tools for steel plant. 
I]. Machines and tools for gun factory. 


Ill. Buildings. 


I. MACHINES AND TOOLS FOR STEEL PLANT. 


On the matter of plant for casting and forging, the Board 
obtained information chiefly from Sir Joseph Whitworth & 
Co., of Manchester, and from Messrs. Tannett, Walker & Co., 
of Leeds, England. 

The following is an approximate cost of plant for casting 
and forging ingots up to 100 tons, submitted by Tannett, 
Walker & Co.: 

Sixteen groups (4 each) gas producers. 

Ten 12-ton Siemens furnaces. 

Two large re-heating furnaces. 

Five 24-ton hydraulic center-casting cranes. 

Six §-ton ingot cranes. 

Two 170-ton and two 30-ton power travelling cranes, 50 feet span, 
with engines. 

Two 24-feet by 19-feet hydraulic accumulators. 

Two pairs pumping engines; either 18 inches by 24 inches (single), 
or 1§ inches by 28 inches by 24 inches (compound). 

One overhead tank. 

Pipes for above hydraulic cranes. 

One 3000-ton hydraulic press. 

One pair pumping engines for working press. 


T otal cost, exclusive of buildings, about $300,000. 
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This estimate does not include tools for rough boring og 
turning, nor appliances for tempering. 

The additional cost of these tools and appliances should be 
added as forming part of the expenses properly belonging to 
the foundry. As will appear hereafter, the cost of a complete 
plant for rough boring and turning, including all guns up to 
100 tons, will be about $210,000 ; the tempering pit, furnaces, 
&c., will cost about $50,000; which, exclusive of buildings, 
would, upon the estimate of Tannett, Walker & Co., make 
the total cost of a plant capable of casting, forging, rough- 
boring, rough-turning and tempering the parts of guns up to 
100 tons, about $560,000. 

The following is an estimate from another source, for a 100- 
ton ingot steel plant, confined exclusively to the process of 
casting : 

Eight 15-ton Siemens furnaces, with platform and producers com- 
plete. 

Two ordinary travellers for ingot-pit. 

Eight 15-ton ladles. 

Railway metal and laying. 

Hydraulic cranes. 

Cost, exclusive of buildings, about $215,000. 


The following is an approximate price of a plant for casting 
and forging 72-ton ingots : 


Ten groups (4 each) gas-producers. 

Six 12-ton Siemens furnaces. 

Two large re-heating furnaces. 

Three 24-ton hydraulic center-casting cranes. 

Pipes for hydraulic cranes. 

Four 5-ton ingot cranes. 

Two 100-ton and two 30-ton power travelling-cranes, 50 feet span, with 
engines. 

Two 18-feet by 19-feet hydraulic accumulators. 

Two pairs pumping engines, either 18 inches by 24 inches (single), 
or 15 inches by 28 inches by 24 inches (compound). 

One overhead tank. 

One 3000-ton hydraulic press. 

One pair pumping engines for working press. 

Cost, exclusive of buildings, about $2c5,000. 


The following is an estimate submitted by Sir Joseph Whit- 
worth for a plant for casting 60-ton ingots : 
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Three 20-ton melting furnaces, including all steel and iron work, all 
silica and fire-bricks, valves, levers, stages, ladles, apparatus for making 
clay used in the moulds and ladles, the iron work and all fire-bricks for 
gas-producers, a competent man to superintend erection, but exclusive 
of all common bricks, brick-setting, excavating, &c., $70,000. 


This plant, if supplied with a sufficient number of re-heating 
furnaces and kept in full work, would be capable of turning out 
150 to 200 tons of large gun material per week. 

The following are estimates submitted by Sir Joseph Whit- 
worth for forging presses : 

A 34-inch hydraulic forging press, complete with its engines, pumps, 
boilers, two hydraulic travelling cranes, two re-heating furnaces with 
hydraulic apparatus for raising the doors. An assortment of steel 
chucks, mandrels, draw-bars, porter-bars, swage and other blocks for 
enlarging and reducing hoops, &c., apparatus for withdrawing mandrels, 
&c., $200,000. 

A 24-inch hydraulic forging press, complete in all details, as in the 
case of the large one already cited, will cost about $140,000. 


The forging press, though not a new idea, has been but 
little used ; in fact, to this time, it has been adopted in but one 
large establishment in the world; consequently its manufacture 
is costly. Its general adoption is now a matter of certainty, 
and its cost will no doubt be reduced; hence, it is probable 
that a 36-inch forging press with cranes, engines, pumps, 
accumulators, &c., exclusive of buildings, may be obtained for 
$150,000. 

If the system of liquid compression should be adopted, the 
additional cost of a hydraulic casting press, complete, including 
steel mould boxes, overhead hydraulic travelling cranes to lift 
100 tons, including columns and girders, and complete in 
every respect, except masonry and brick-work, would be 
$175,000. 

The following is an estimate of the cost of tools for rough 
boring and turning the parts of guns for all calibers up to 16 
inches : 

One rough-turning lathe for tubes and jackets up to 12-inch caliber. 

Three rough-boring lathes for same. 

One rough-turning lathe for tubes and jackets up to 16-inch caliber. 

Two rough-boring lathes for same. 

One 100-ton power travelling crane. 

One 20-ton power travelling crane. 
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Tools for the above, including : 

Assorted tools for rough-turning lathes. 

Forged cast-steel boring bars with head and steel cutters for boring 
tubes out of the solid. 

Forged cast-steel bars for boring jackets. 

Sets of tools for each of the hoop and trunnion lathes, and for the 
slotting machines. 

The total cost will be about $210,000. 


If a complete set of trepanning tools were to be furnished 
for the work of rough-boring, the additional cost will be about 
$50,000. The first cost of these tools is very great, as they 
are made from very large ingots of cast-steel, oil tempered, 
which have to be bored and turned almost entirely away, 

The above estimates respond to the call of the Act of Con. 
gress so far as relates to cost of a steel plant for the manv. 
facture of the heaviest guns, and will answer some of the 
inquiries of, and serve as a guide for those of our steel manufac- 
turers who shall undertake to supply the Government with the 
required material for modern artillery. 

As the greater includes the less, it may be taken for granted 
that no plant for smaller work can equal the above estimate. 
The scale of diminution in proportion to the weight of metal 
and capacity of cranes, presses, &c., may be approximated, 
and the following list of weight of forgings required for different 
calibers in the English service will assist the calculation : 


Particulars of Forgings for English Gun Tubes. 





Weight of forging for! 
B BING 108) Model, 


Weight and caliber of gun. Weight of ingot cast onthe, 














SEO CORB see ccoscccce cvcces About 100 tons....... ..... | ee 
f Breech part, 27 tons.../21 tons, 2 cwt... | Old. 


100 tons, 17 inches..,.! « 
é \ Muzzle part, 15 tons...!12tons,11% cwt 


So tons, 16 inches..... 21 tOMS.......0. ceceee seeeee ves 7 tons, 7 cwt......| Old 
63 tons, 13.5 incheS...|35 tOMS.............0 seseeeees > tons, 17 cwt....| New. 
43 tons, 12 inches.....!27 tOMS........... cesses cece 21 tons...... | New. 
ip CUM, BOS MG icnk OS BOMB. 00 6ccccs cccoce ccccesccs II tons, 10 cwt.. “ New. 
18 tons, 9.2 inches.....|12% CORB co ccce coves cos cvcces 10 tons, 5 cwt...... New. 
11% tons, 8 inches... |/10%4 toms............000eee00/5 tons.. . (ca New. 
80 cwt., 6 inches.......|414 tOMS.....2. cece cesses vee 3 tons, 12 cwt.. 

38 cwt., 50-pounder..)2 34 toms. ......... .seee seeees i ton, 18% cwt.. 

22 cwt., 4-pounder .. Ih% BR Dicciuneccentitesevens 1 ton, 2% cwt. 


—<— 


The forging for the 100-ton gun cited above is that which 
was supplied for the Armstrong gun furnished the Italian 
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Government, the tube for which was made in two parts. That 
for the 110-ton gun now to be made for the English Govern- 
ment will be in one forging. 

If the cost per ton be fixed for the smaller guns, and an in- 
creasing ratio be established per ton as the caliber increases, 
the approximate cost of the forgings for guns of like pattern 
can be determined. 

From an inspection of the table given above, it will be seen 
that it is within the resources of many of our own steel works 
to supply castings for a large number of the different calibers. 
These works, however, are deficient in forging apparatus. 

In the above estimates the cost of a steam-hammer is not 
given, as the Board unanimously approves the adoption of the 
press ; but it will be pertinent to add that, in order to produce 
a given amount of work, the hammer is the more expensive 
tool. 


II.—MACHINES AND TOOLS FOR GUN FACTORY. 


On the matter of plant for gun factory the Board obtained 
information from the principal gun factories of England, France, 
and Russia, where machines and tools are in operation, and 
from the largest establishments where such tools are made, 
but chiefly from Messrs. Greenwood & Batley, of Leeds, Mr. 
Hulze & Co., of Manchester, and Messrs. Varrell, Elwell & 
Middleton, of Paris. 

In considering this part of the subject it was decided that 
there were three classes into which guns could be advanta- 
geously divided in reference to tools suitable for their fabrica- 
tion, viz. : 

1. Guns of 6-inch and all below that caliber. 

2. Guns from 6-inch to 12-inch caliber. 

3. Guns of caliber greater than 12 inches. 

It was nccessary to adopt a tool as a unit on which to base 
the calcviation that should determine the number of tools 
required under the above classes. The rifling machine was 
the unit adoptec. The object was to so proportion the num- 
bers of each toc] as to keep the rifling machine constantly 
employed. 

In the solution of this problem the Board has had the ad- 
vantage of the able assistance of the firm of Greenwood & 





=o ee ee 


a 


= 


ee oe 


i 
: 


rae Se 


a ae 


22 a EES. 


— 











(eee ghee tee eee l= : 


oe " 











834 THE ESTABLISHMENT OF STEEL GUN FACTORIES, 


Batley, of Leeds, England, whose tools were seen in all the 
large gun factories visited in Europe.” * 


Albion Works, Leeds.—The firm of Greenwood & Batley was 
established in the year 1856, by the late Mr. Thomas Greenwood jn 
conjunction with Mr. John Batley, at the Albion Foundry, East street, 
for the manufacture of general and engineering tools, flax machinery, 
&e. 

The great changes made in the national armaments during and 
immediately after the Crimean War, created a new branch of indus- 
try in the machine trade, namely, the manufacture of special tools for 
the production of this improved war material. During the war, Mr, 
Greenwood, when in partnership with the late Sir Peter Fairbaim, 
had devoted much attention to the designing and supply of this class 
of special tools for the British Government manufacturing establish- 
ments at Woolwich and Enfield, as it was during that period that these 
establishments grew rapidly from the very small and _ insignificant 
workshops they had hitherto been, to the most important military 
arsenals in the world. It was thus during the earlier years of the 
firm’s existence that they were very extensively employed in making 
machinery for the British Government, and later for the various 
arsenals since established by colonial and foreign governments. 

In 1859, finding the East street premises too small for their busi- 
ness, they purchased the site of the present works in Armley Road, 
and commenced building the Albion Works; it was not, however, 
until some twenty years later that they were enabled to remove the 
whole plant and finally close the original establishment. 

The Albion Works stand upon some ten acres of land, fronting on 
Armley Road, and having a wharfage behind on the Leeds and Liver- 
pool Canal. They consist of a principal iron foundry 48 ft. x 146 ft, 
and a smaller foundry 4o ft. x 66 ft., with cupolas and steam cranes 
capable of turning out castings of fifteen tons weight, and producing 
some fifty or sixty tons of castings per week, the great bulk of which 
being necessarily of a light and intricate nature. Adjoining the 
foundry is a pattern store of three stories, 48 ft. x 112 ft. The principal 
machine and erecting shops are built in the form of a T, the longer 
portion being 72 ft. x 464 ft., and the shorter 76 ft. x 168 ft., both 
having two stories. The power is supplied by a couple of horizontal 
condensing engines of about one hundred horse power each, and the 


*Gun Foundry Board Report. 
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shops are well provided with travelling and other cranes. There is 
a two-storied machine shop fronting Armley Road, 22 ft. x 128 ft., 
and in the center of the quadrangle is another two-storied building, 
68 ft. x 68 ft., the lower floor being used asa machine shop, and the 
upper one as a patternmaker’s shop and drawing office. There are 
also smithshops containing some thirty fires, well supplied with steam- 
hammers and other forging machinery. In the lower yard isa range 
of buildings, 35 ft. x 332 ft., used as warehouses, carpenters’ shop, 
&c. A small forge 100 ft. x 30 ft. and brass and malleable iron foun- 
dry 36 ft. x 30 ft. are also situated in this yard. The total shop area 
is 6,590,090 square feet, and from 1500 to 1600 workmen can be 
employed. 

The various classes of machinery produced by the firm are, engi- 
neers’ machine-tools of general description, and wood-working 
machinery, but the greater part of the establishment is occupied in 
the production of machinery for special purposes. Stamping and 
forging machinery of all descriptions, including machines for making 
bolts, rivets, nuts and spikes, machinery to finish bolts, nuts and 
screws, notably automatic machines for making screws both for wood 
and metal. Band and circular saws for cutting iron and steel, ma- 
chinery for testing the strength of material, milling machines for all 
varieties of work. One department is devoted to the manufacture 
of printing machinery, whilst another is occupied in producing sew- 
ing-machines for the manufacture of boots, belting, harness, &c., and 
other machines used for making boots, clothing, &c. 

At present, a considerable quantity of dynamo machines for elec- 
tric lighting are being manufactured, together with a large variety of 
special plant for the production of these machines. 

Among the special machinery made for producing arms and military 
stores are comprised machinery for the manufacture of ordnance of 
all descriptions, from a fuze to a 100-ton gun. 

Among the principal plants of machinery made at these works are, 
the various plants supplied, both complete and in part, to Her 
Majesty’s arsenal at Woolwich, the Royal Small Arms Factory at 
Enfield, and the various arsenals in the Indian Empire. A complete 
plant for making heavy ordnance on the Armstrong and Woolwich 
plan was supplied some years ago to the Imperial Chinese Govern- 
ment, whilst a similar plant for breech-loading steel field artillery was 
recently supplied to the Russian Government. To this latter govern- 
ment was also supplied a few years ago a complete plant of machinery 
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to produce three hundred rifles and bayonets per day ; this production 
has since been doubled by a further lot of machinery sent out from 
these works. The firm is at present engaged upon a similar plant 
for the Italian Government to produce 200 rifles and bayonets daily, 

The large testing-machine patented and used by Mr. Kirkaldy 
was made here some years ago; it can exert a strain of 400 tons on 
all varieties of tests. A duplicate of this machine was lately delivered 
to the Belgian Government, and many others of different sizes haye 
been supplied to British and foreign dockyards and arsenals and to 
large private iron works and universities. 

“The members of the firm have spent much time and in. 
curred much expense in providing plans and estimates and 
have communicated most valuable confidential information, 
The following estimates, stated in a general way, are the results, 
and the Board is confident of the essential accuracy. 


(1.) COST OF GUN FACTORY PLANT UP TO 6-INCH CALIBER. 


This plant does not include rough boring and turning lathes 
for tubes, jackets, and hoops ; these parts are supposed to be 
supplied ready for finishing. It includes: 

Two finish-turning lathes. 

Three finish-boring lathes. 

One lathe to chamber, cut breech-screws, &c. 

One rifling machine, 

One milling and drilling machine. 

One 10-ton power travelling crane. 

Tools for above, including— 

A set of turning tools for each finish-turning lathe. 

One boring bar with head and cast-steel tools for boring lathes. 

One chambering bar with cutting tools. 

One steel bar and cutting tools for screw-cutting and shaping out 
spaces. 

One hollow rifling bar with cutter, adjustment, and cutting tools. 

Milling cutters and mortice drills for milling and drilling machines. 
The total cost will be about $50,000. 


This plant is capable of producing one 6-inch gun per week, 
or a proportionally larger number of small calibers. 


(2.) COST OF GUN FACTORY PLANT UP TO 12-INCH CALIBER. 


This plant does not include rough boring and turning; the 
parts are supposed to be supplied ready for finishing. It 
includes : 
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One finish-turning lathe. 

Three finish boring, turning, and chambering lathes. 

One machine to cut breech-screw, &c. 

One rifling machine. 

One milling and drilling machine. 

Four combined boring and turning face lathes for hoops. 

One combined boring and turning face lathe for trunnion-hoops. 

One combined boring and turning lathe for trunnions. 

One slotting machine for trunnion-hoops. 

One 40-ton power travelling crane. 

Tools for the above, including— 

Cast-iron tubes with steel head and cutter for finish-boring tubes. 

Cast-iron tube with steel head and cutters for finish-boring jackets 

One chambering bar. 

Fifty assorted turning tools for finish-turning lathes and machine for 
cutting breech-screw and spaces. 

Cast-iron hollow rifling bar with cutter head, adjustments, steel tube 
for actuating tool, and cutting tools. 

Four milling cutters and mortice drills for milling and drilling 
machine. 

The total cost will be about $150,000. 


This plant is capable of producing one 12-inch gun every 
three weeks, or a proportionally larger number of smaller 
calibers. 


(3.) COST OF GUN FACTORY PLANT UP TO 16-INCH CALIBER. 


This plant does not include rough boring and turning ; the 
parts are supposed to be supplied ready for finishing. It 
includes : 

Two finish-turning lathes. 

Three finish boring, turning, and chambering lathes. 

One machine to cut breech-screw, Xc. 

One rifling machine. 

One milling and drilling machine. 

Four combined boring and turning face lathes for hoops. 

Four combined boring and turning face lathes for trunnion-hoops. 

One combined boring and turning lathe for trunnions. 

One slotting machine for trunnion-hoops. 

One 100-ton power travelling crane. 

Tools for the above, including— 

Two cast-iron tubes with steel boring head and cutters for finish- 
boring tubes. 

One cast-iron tube with steel boring head and cutters for finish-boring 
jackets. 

One steel chambering bar. 
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Fifty assorted turning tools for finish-turning lathes and machine for 
cutting breech-screws and spaces. 

One cast-iron hollow rifling bar with cutter head, adjustments, ste) 
tube for actuating tool, and cutting tools. 

Four milling cutters and mortise drills for the milling and drilling 
machines. 

The total cost will be about $350,000. 

This plant will produce one 16-inch gun per month, ora 
proportionally larger number of smaller calibers. In the room 
allotted to shrinking on the jackets and hoops, there will be 
required an additional travelling crane capable of handling 
guns of the heaviest weight, which will cost about $17,500, 

From these estimates, the cost of equipping a gun factory 
capable of producing guns from the lowest caliber up to 16 
inches, will be about $570,000. 

If the tools mentioned above are to be made in the United 
States, these estimates would have to be largely increased, 
because there has been no demand to especially direct the 
attention of our manufacturers to them ; from this want of ex- 
perience great delay and expense would result in the prepara- 
tion of plans, specifications and patterns. 

A wise policy would seem to demand that the tools required 
in this first plant should be purchased from those parties 
abroad who have had the most valuable experience in their 
manufacture. 


III. BurLpINGs. 


At most of the establishments visited by the Board, the 
buildings have been constructed successively to meet increas- 
ing demands for space ; and they therefore do not exhibit that 
systematic study which naturally would be demanded in 
planning a new gun factory. In such a problem the first step 
would be to decide upon the tools to be ordered, and their 
most convenient arrangement, and then the architect would be 
able to design the most suitable buildings. 

As the Board will recommend that the manufacture of the 
metal and the fabrication of the guns shall be separately con- 
sidered, and that the work shall be done at different localities, 
it has regarded the proposition of detailed plans for the build- 
ings as inexpedient, not only because there would be little 
probability of their final adoption, but also because the time 
required for the estimates would materially delay the comple- 
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tion of the report. The subject, therefore, will be treated in a 
general manner. The following are the most important points 
developed by experience in Europe : 

1st. Substantial foundations. 

2d. Strong, but economical, superstructures secure against 
destruction by fire. 

3d. Carefully considered lighting arrangements. 

4th. Dimensions suited to the most convenient use of the 
tools, but which avoid waste space under cover. 

Two distinct arrangements are in use abroad. In one, best 
illustrated by the new shops of Sir Joseph Whitworth, at Man- 
chester (intended for general work), all the operations are per- 


formed under a single roof, a plan which has the merit of 


bringing all the workmen under the eye of the superintendent. 
The building has ten bays, each 50 feet wide, and at present 
575 feet long, but it is proposed to extend this length 200 feet. 
Six bays are devoted to the foundry proper where the steel is 
manufactured and forged, and the remaining four to the tools 
used in fabricating the finished products. A gallery 25 feet 
wide extends along one side of the building forming a second 
story where small tools are made. Overhead cranes are pro- 
vided, where necessary, to run the whole length of a bay, and 
the larger machines are disposed longitudinally under them. 
The height of the run-ways of these cranes is 22} feet above 
the floor. Each bay is covered by a roof of 50 feet span and 
18 feet rise. These roofs unite in valleys 84 feet above the 
run-ways, to afford room for the cranes; and light is supplied 
by continuous windows, which, on the south side form the 
middle third, and on the north side the lower two-thirds of the 


roofs. The outer walls are brick. The bays are separated by 


rows of cast-iron columns capped with wrought iron trusses, 
on which rest the iron roofs. 

These magnificent shops, constructed very recently, after 
Sir Joseph’s long experience in such work, cost per running 
50 feet of each bay: 


Tron work Of SUPPOFts.......ceseccecces sescees ceeeeeeerereeees $1250 
Roof plating, glazing, glass, lead, &C.........00++ seeeeeeeeees 2000 
Ns PONE, Bib ccceccctnsesinceacnssesansesstes -soenisaniennsentes 1190 
TROND escocccesenevecsssatecsistedneneencensesness capseies 560 





Total, per square 50 feet, about .............+++ .+» $5000 
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Estimated upon this basis, given by one of the engineers, the 
total cost must have been at least $600,000. 

In the other general arrangement of shops which prevailed 
at most of the establishments visited, different buildings are 
provided for different classes of work, with ample space between 
them for railway tracks, storage of metal, &c. Experience 
seems to have suggested the importance of the following 
points : 

The run-ways of the large cranes should be supported quite 
independently of the buildings. As their spans vary from 4o 
to 64 feet, generally about 50 feet, this is an important matter, 
There is no economy in constructing the walls to bear strains 
thrown upon them by powerful machinery. The true function 
of the building is simply to cover the tools against the weather, 

The problem of reducing the cost of roof trusses is an im- 
portant one. For smaller machines, an economical and con- 
venient arrangement was noted at the army establishment at 
Bourges. The building was about 260 feet long and 150 feet 
wide. Advantage was taken of the lesser height required for 
this class of work to dispense with roof trusses entirely. Cast- 
iron columns, about 17 or 18 feet apart, divided the whole 
interior into squares and furnished supports for the roof at so 
many points as to effect this object. The tools were disposed 
across the shop, and hand cranes overhead and medial railway 
tracks for cars supplied every facility for convenient handling. 
For the larger tools, however, the spans are necessarily so 
great that it seems expedient to increase their width so as to 
dispose the machines across the bays. This enables the 
arrangements to be very compact and enough is saved in 
length of shop to compensate for wide trusses. Thus, in the 
two new shops at Ruelle, which are good models, the span of 
the principal roof trusses are about 50 feet and 82 feet re- 
spectively, the total width of the buildings being extended by 
parallel and lower roofs to 98 feet and 130 feet. 

Roof-lighting of gun-shops is general throughout Europe. 
Sometimes, as in Sir Joseph Whitworth’s establishment, the 
ridge-pole is placed centrally between bearings, and one-third 
of the south and two-thirds of the north surface is glazed. At 
other places, as at the shop at Bourges just described, the 
ridge-pole is nearer the north side, and the short and steep 
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side of the roof only is glazed. Another plan is the common 
device of a ventilator cap over the ridge-pole, with vertical 
lighting. Asarule all available space at the sides and ends of 
the buildings are given up to windows. No gun-shops of more 
than one story were noted. 


The Board would recommend the erection of fire-proof 


structures of a single story, designed solely to cover and 
protect the tools. Their style of architecture should be neat, 
but not extravagant; convenience of arrangements and facilities 
for lighting should receive careful study. It is believed that 
the cost of such buildings as are required can be safely esti- 


mated at $5000 per square of 50 feet.” * 


* Gun Foundry Board Report. 














VIII. 
GENERAL SUMMARY OF GUN FOUNDRY BOARD. 


“ The foregoing presents the chief points of information that 
have been gained by the investigations of the Board. 

As examples of a practical partnership between a Govern- 
ment and a private company in working towards a national 
object the experiences in England and in Russia are very 
instructive, and warn against the adoption of such a system. 
In England, the Government, in addition to paying, during 
several years, very high prices for articles delivered, was forced 
to pay £65,000 to close an agreement; while the company, 
besides the profits on manufacture, came into possession of a 
complete working plant at a mere nominal valuation. 

In Russia, the Government finds itself involved with a stock 
company, paying excessive prices for what it receives, and 
discovers no way of relief except by buying up shares and 
operating the establishment as a Government foundry. 

As an example of depending almost entirely on private 
works, Germany is a perfect instance. The works of Mr. 
Krupp are practically the sole source of supply of the German 
artillery. In such a case the Government must be the slave of 
the corporation, and subject to its whims, caprices, and con- 
veniences. It needs no argument to show the dependent 
condition ot the Government under such a rule: it might 
prove a source of the greatest embarrassment. The Board is 
well informed that some ten or eleven years ago the artillery 
officers were very restive under this load and were making 
strenuous efforts to be relieved from it, but without success. 
It is hardly to be supposed that time has quieted the feeling 
of dissatisfaction. 

As an example of depending alone on Government works, 
France was a perfect instance before the Franco-German wat. 
During the period referred to, the Government foundries were 
the sole source of supply of the armament of the country ; the 
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officers charged with the work formed a close corporation ; 
their action was never exposed to the public; their ideas were 
never subjected to criticism; the ingenuity and inventive talent 
of the country were ignored and resisted, and no precaution 
was thought necessary to provide a supply in case of need of 
re-armament. The result is well known; a great crisis came; 
the Government works were inadequate to meet the additional 
demands made upon them, and the patriotic efforts of private 
establishments were inadequate to produce all the material 
that was needed. How entirely France has now altered her 
system is shown in a previous part of this report; her present 
practice is theoretically perfect, and it has proved to be prac- 
tically efficient. Her Government establishments are still 
retained, but as gun factories simply, in which the parts are 
machined and assembled, but for foundry work she depends 
upon the private industries of the country, and many of these 
works have found it to their profit to establish gun factories 
which supplement the Government factories to a great extent. 

The conclusions of the Board on this subject accord with the 
plain teachings of these historical instances. It accepts the 
system now pursued in France as the proper standard for 
imitation, and recommends that in inaugurating the manufac- 
ture of war material in our own country a conformity as close 
as circumstances will admit to the plans which have proved so 
successful in France should be observed. 

Having reached this conclusion, the Board is now prepared 
to dispose of the propositions into which, as stated on the 
seventh page of its report, the second interrogatory in the 
act of Congress was divided. 

The first proposition was thus presented, viz. : 

That the Government should supplement the plants of some of the 


steel workers of the country with such additional tools and implements 
as would enable them to turn out finished steel cannon. 


The adoption of this proposition would involve the Govern- 
ment in the embarrassments which now exist in Russia, and 
which we have seen were so costly to the English Govern- 
ment in its partnership with the Elswick Ordnance Company. 

The Board does not approve of such joint action. 

The second proposition was thus presented, viz. : 
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That the Government should give contracts of sufficient magnitude 
to enable the steel workers of the country to supply the finished guns 
without its direct aid. 


This proposition, if adopted without any qualification, would 
make the Government dependent entirely upon the private 
industries of the country, which might combine to the detri- 
ment of the public service. The Government would have no 
guard against extortion and would be powerless against a 
combination. An actual instance of such a combination js 
cited in a previous portion of this report as having taken place 
in France, but the independent position of the Government 
made the effort futile. 

The Board does not approve of this proposition taken by 
itself. 

The third proposition was thus presented, viz. : 


That the Government should establish on its own territory a plant 
for the fabrication of cannon, and should contract with rivate parties 
to such amounts as would enable them to supply from the private indus- 
tries of the country the forged and tempered material. 


This proposition is approved by the Board and is regarded 
as the foundation upon which our system of manufacture should 
be built up. If this be done, and the Government made secure 
by the possession of works of its own, there is every reason to 
adopt in addition the idea embodied in the second proposition 
in order to supplement the Government establishments. 

A State, with any pretensions to military power, should pro. 
vide itself with factory facilities on a sufficient scale to perform 
the work of establishing standards, making experimental guns 
and fabricating cannon on a moderate scale ; but it is not con- 
sidered judicious to concentrate in the Government establish- 
ments all the work of fabrication or to include within their 
operations the preparation of such material as can be provided 
by the private industries of the country. In the case under 
consideration the purchase of the steel required for cannon 
will stimulate our own manufacturers and interest them in the 
operations of the Government. 

The Board is thus led to the conclusion that it is not advisa- 
ble to embark in the establishment of a gun foundry, properly 
so called, but that it is more judicious to establish gun factories, 
and to purchase the material from our manufacturers. 




















GENERAL SUMMARY OF GUN FOUNDRY BOARD. 845 


At present the steel manufacturers of our country are not 
prepared to produce the material required for the larger cali- 
bers, and the important question arises, what means shall be 
adopted to induce them to study the subject and embark in 
the manufacture on a large scale. They cannot be expected 
to do this at a sacrifice of their own interests. This object can 
only be achieved by holding out a fair prospect of ultimate 
remuneration for the expenditures necessary to undertake the 
work, and this can only be done by the action of Congress. 

If, then, Congress shall conclude to arm the country it will 
be necessary that a sum of money shall be fixed as a perma- 
nent yearly appropriation to be expended for this purpose, the 
amount to be assigned proportionately between the War and 
Navy Departments. With such a guarantee against loss the 
Board is satisfied that the required material for cannon will be 
forthcoming from our own steel works. 

It would not be necessary for the Government to be asso- 
ciated with a large number of firms for the supply of its mate- 
rial, for it is probable that the private establishments that would 
take up the subject would only be those with large available 
funds which they would be willing to put into a special plant, 
and for remuneration on which they would be willing to wait 
a reasonable time. The permanent appropriation would give 
them surety of ultimate profit, the only condition being suc- 
cess in providing the material that would be indicated in their 
contracts. From personal intercourse with some of the leading 
manufacturers the Board is led to believe that the plan will 
have the effect of guiding the private industries of the country 
to the aid of the Government in developing this work of 
national importance. 

This conclusion is fully sustained by letters, pages 567, 568, 
and by the following communication received from the Cam- 
bria Iron Company on February 8, 1884, after the completion 


of this report: 
OFFICE OF CAMBRIA IRON COMPANY, 
Philadelphia, February 7, 1884. 
Commodore E. Stimpson, U. S. N,, 
President of Foundry Board. 

Dear Six: Having received the impression that the Gun Foundry 
Board would, after its investigations in Europe, be prepared to give us 
some information that would assist in a reply to its circular letter of 














846 


THE ESTABLISHMENT GF STEEL GUN FACTORIES, 


May 1, 1883, we have delayed submitting any proposition that would 
indicate our “disposition to assist the object to be obtained,” or an 
estimate of the manner and amount of “aid” required “ from the Goy- 
ernment.” 

We are now informed by the Board that such information cannot, 
without injustice to other private interests, be given before the publica 
tion of its report. We, therefore, have the honor to submit the follow- 
ing, suggested by our long and valuable experience in the manufacture 
of steel, and our investigations upon the subject-matter of the Gun 
Foundry Board’s letter of May, 1883. 

As requested in that letter, we have (as far as time would permit, and 
as carefully as possible without making a special visit to Europe) con- 
sidered “the methods of manufacturing gun steel now employed in 
England, France, Germany and Russia, with a view to the selection of 
any of these methods for its manufacture.’”’ This careful consideration 
indorses the statement we have already made in person to your Board, 
that steel made by the open-hearth process is the most uniform; and 
that we believe we have the largest casting plant on this system in the 
United States, conducted by men of great experience. We further are 
of the opinion that our casting plant will meet the present requirements 
of the Government for gun metal, and if a sufficiently large contract o7 
other guarantee against loss were given, we could rapidly develop it to 
meet increasing demands. 

Like all other steel manufactories in the United States, we have no 
apparatus capable of forging the large ingots required for modern guns. 
Before embarking in a forging plant that must require an expenditure 
of from a quarter to a half million of dollars, we would await the opinion 
of the Board or the action of the Government in regard to the adoption 
of a hammer ora hydraulic press. We have been led to this conclusion 
by the great attention which is now given this question in England and 
the use of a hydraulic casting press in Russia; also, by the fact thata 
large number of shafts for English naval ships and a large quantity of 
steel furnished the Royal Arsenal and the works of Armstrong, Mitchell 
& Co., have been manufactured by Sir Joseph Whitworth, who casts 
and forges the steel for these purposes by hydraulic presses. 

As the forging press is said to be cheaper and its effect equal to or 
better than the hammer, we would naturally adopt that method of 
forging, unless the Government in its contracts should require the metal 
forged with the hammer. 

Our company has received invitations from the Ordnance Depart- 
ments of both Army and Navy to furnish gun material, the castings for 
which are well within our capacity to make ; but wanting a suitable 
apparatus to properly forge such castings, and in the absence of a suffi- 
ciently large contract to pay even the cost of small apparatus, and the 
risks attendant upon the development of a new branch of our industry, 
we did not deem it wise to undertake a small contract. 
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In regard to the problem you submitted, “Given your present plant, 
what aid would you require from the Government in order so to enlarge 
it as to be able to manufacture the heaviest ordnance, the work to include 
the entire process of manufacture from the casting of the ingots to the 
finishing of the gun,” we have to state we have learned that England 
and France, two of the countries mentioned in your letter, separate the 
manufacture of the steel from the construction of the guns, As they 
have had long and valuable experience upon this subject it would seem 
that they have adopted this plan because it was the best. 

In view o: this fact we submit an approximate estimate of the amount 
to be expended to put our plant in a condition to supply the required 
steel for gun construction, 

For the sum of $695,000 we could add to our present plant forging 
apparatus, tools to rough bore and turn, and appliances for tempering 
the material of such weight and sizes as we suppose the Government 
will demand. Of the above-named sum, $143,000 we estimate as duty 
at 45 per cent ad valorem on tools it will be necessary to import from 
foreign makers experienced in their construction. 

We desire to call the attention of the Board to the following state- 
ment of business facts and considerations, that it may judge of the 
capacity, both financially and technically, of the Cambria Iron Company 
to undertake the work required of a national foundry. 

The works of the company are located at a sufficient distance from 
the seaboard to render them absolutely secure from attack by a foreign 
enemy, while at the same time they do not occupy an isolated position 
so that communication between them and the exposed portions of the 
country would be either impossible or difficult for our own people. 
The works are situated directly on the main line of the Pennsylvania 
Railroad, which affords quick and safe communication between the 
East and the West, and also brings them within 80 miles of steamboat 
communication on the Ohio River at Pittsburgh. In addition to these 
transportation facilities, the works are also in direct rail communication 
with the Southern seaboard and the South itself by way of the Somerset 
and Johnstown Kailroad, which is a thoroughly-built and well-equipped 
branch of the Baltimore and Ohio Railroad, which has eastern termini 
at Baltimore and Washington, and Southern connections at these and 
other points; also a third trunk line between the seaboard and West, 
new under construction, passing a few miles south of Johnstown, and 
with which there will be direct connection. It may also be added that 
by way of the Pennsylvania Railroad and its connections at Harrisburg 
with the Northern Central Railway the works have an additional outlet 
to Baltimore, Washington, and the South. 

The situation of the works of the Cambria Iron Company at Johns- 
town is one of great healthfulness, and it is comparatively sheltered from 
the extremes of both heat and cold, andis wholly free from all malarious 
influences, so that workmen can prosecute their various employments in 
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all seasons without danger of interruption from intense heat or cold, or 
from the prevalence of epidemics. The healthfulness of the situation of 
the works, the constant employment which has been given to its workmen 
for twenty-nine years, the cheapness of the necessaries of life, and the 
facilities which have been afforded by the company for the acquisition 
of homes by heads of families, have greatly contributed to the building 
up at Johnstown and in its immediate and dependent suburbs of a steady, 
sober, intelligent, and moral class of skilled mechanics—a fact upon 
which we desire to place great stress, as an industrial community that 
is fixed and permanent and attached by home ties and associations to 
its place of employment is far less likely to engage in contentions and 
strikes at critical periods than one that is composed of floating and 
uncertain elements. 

The works have been in existence and in operation for more than 
thirty years, and in this time an army of skilled workmen has been 
gathered together that for efficiency, fidelity and variety of scientific 
and mechanical attainments, is believed to be unsurpassed, if equalled, 
in our whole country. 

The works of the Cambria Iron Company are not merely of a repro- 
ductive or finishing character, but they embrace every branch of acom- 
plete establishment devoted to the manufacture of iron and steel. The 
company owns its coal mines, including extensive mines in the 
Connellsville coke region and other mines adjacent to the works at 
Johnstown ; it owns its iron-ore mines, some of which are adjacent 
to the works, while others are situated in the Lake Superior region and 
elsewhere ; it produces its own pig-iron in furnaces that possess all the 
modern improvements ; it has a large Bessemer steel-plant, a large 
open-hearth steel plant, iron and steel rail and other rolling-mills, pud- 
dling and heating furnaces, wire mills, and facilities for the production 
of miscellaneous steel products. 

The works have a capacity for the production of 300,000 tons of pig- 
iron and over 200,000 tons of steel per annum. 

The company employs at the present time 9000 workmen, It has its 
own mining and mechanical engineers, its own draughtsmen, and its 
own chemists. 

These details are mentioned to show the varied experiences of the 
employees and officers of the company ; its perfect control over the raw 
materials it uses, and consequently over the character of all its products, 
and the facilities generally for the prompt addition to its works for the 
contemplated national foundry, and the equally prompt and faithful 
execution of such orders as would be required of it. 

It only requires to be added that the financial ability of the Cambria 
Iron Company to comply with all its engagements cannot be questioned. 
. . + It owns absolutely all of its property, without intervening 
creditors, as it has no bonded nor floating debt; all its employees are 
regularly paid every month ; it can always manufacture all the articles 
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it now produces as cheaply as any of its competitors, and hence is in 
no danger of ever abandoning business as a manufacturer of iron and 
steel. If financial ability to execute a contract is desirable, then the 
Cambria Iron Company may truthfully be said to possess that require- 
ment in an eminent degree; and if a reputation for energy, enterprise, 
conscientiousness, and complete success in the production of iron and 
steel of the best qualities counts for anything, the Cambria Iron Com- 
pany, it may also be truthfully said, possesses this reputation and has 
possessed it for many years. 

In conclusion, we desire to inform the Gun Foundry Board that the 
Cambria Iron Company may be induced to undertake at once the 
development of its steel plant to meet the requirements for gun material 
if the United States Government will make a sufficiently large contract 
or give other positive guarantee which shall insure the Cambria Com- 
pany adequate employment or sufficient profit to reimburse this large 
expenditure, the company on its part undertaking to meet the required 
tests. 

If the Government desires to enter into any joint action by furnishing 
the means for the development of a plant, with a reserve for reimburse- 
ment, the foregoing statements indicate our ability to undertake such 
action under the most favorable conditions for the faithful execution of 
the work. 

All of whicn is respectfully submitted. 

CAMBRiA IRON COMPANY, 
By E. Y¥. TOWNSEND, President. 


It may be added that although the manufacture of armor- 
plates for ships and fortifications was not referred to this Board 
for investigation, the erection of plant for providing modern 
cannon would’go far towards reducing the outlay requisite to 
enable our great steel manufacturers to meet another pressing 
want of the Government. 

The chief expense to be considered by private parties is that 
of the forge, but by the substitution of the hydraulic press for 
the hammer, economy will be consulted and better results ob- 
tained. The Board is unanimous in approving the usé€ of 
the press for all forging purposes; and recommends it to all 
who may embark in the manufacture of gun metal for the 
Government. 

In conclusion the Board submits its replies to the three 
interrogatories contained in the act of Congress: 


(1.) Which of the navy yards or arsenals owned by the Government 
has the best location, and is best adapted for the establishment of a 
government foundry? 
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The Board does not recommend tke establishment of a 
government foundry, properly so called, which shall provide 
for the manufacture of steel and the fabrication of cannon. It 
considers that every inducement should be offered to attract 
the private industries of the country to the aid of the Govern. 
ment in providing ordnance for the Army and Navy, and that 
the steel manufacturers should be called upon to provide the 
material. 

The Board recommends the establishment of two gun fac- 
tories under the control of the Government and selects the— 

Watervliet Arsenal, West Troy, N. Y., as the site for the 
Army, and the 

Washington Navy Yard, District of Columbia, as the site 


for the Navy. 


The Board is unanimous in recommending that the Army 
and the Navy should be provided with separate establishments, 
This has always been the custom in France, producing good 
results ; the reverse has been the practice in England, produc- 
ing bad results. Dissatisfaction from this cause has existed 
for many years in the English navy, and the Admiralty has 
recently brought about a revolution in the system so far as the 
supply of gun-carriages is concerned, by obtaining from Parlia- 
ment a separate and distinct appropriation with which it is pro- 
viding the English Navy with the Vavasseur gun-carriage in 
opposition to the will of Woolwich. 

In the administration of the War and Navy Departments 
of the United States, each service has charge and direction 
of its own distinct system of artillery; hence if but one gun 
factory be provided, its control must be placed in the hands of 
a mixed commission. This must lead to conflict of authority 
and to embarrassments of all kinds, in which the heads of 
Departments must necessarily become involved. A close 
scrutiny of the practical difficulties that would arise in con- 
ducting the affairs of a gun factory in such mixed interests 
develops obstacles that would be insuperable even with the 
most harmonious intent. 

In the selection of the sites mentioned, it is not intended to 
convey the idea that they are regarded as in every way 
adapted for the purpose, but, as the scope for choice is limited, 
they are considered the most advantageous. The Board does 
not recommend the purchase of new sites, as this would open 
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so wide a field for selection as to embarrass the question by 
arousing local interests throughout the country. 

(2.) What other method, if any (apart from the establishment of a 
Government foundry), should be adopted for the manufacture of heavy 
ordnance adapted to modern warfare, for the use of the Army and Navy 
of the United States? 

With Government gun /aclories established for both the 
Army and the Navy, there will be still needed the hearty co- 
operation of the private industries of the country. This cannot 
be aroused unless there is held out to them a fair prospect of 
remuneration. The Board does not approve of a partnership 
in business between the Government and private firms. Ad// 
history warns against such a course. But it does believe 
that joint, and at the same time independent, action between 
them can be made to work harmoniously towards the common 
national purpose. This can only be done by a permanent and 
liberal appropriation by Congress for the specific purpose of 
providing the country with modern artillery; which appro- 
priation shall be a guarantee against loss to the companies who 
elect to undertake the work. 

This is entirely consistent with the action of Congress in 
providing for the supply of arms to the militia. The act 
authorizing this practice was passed in 1808 and since that 
time the yearly disbursement has been made from the Treasury 
without interruption. A similar act providing for the supply 
of heavy ordnance for the regular services will be but a farther 
development of the same idea. 

(3-) The cost of all buildings, tools and implements, necessary to be 
used in the manufacture thereof, including the cost of a steam-hammer 
or apparatus of sufficient size for the manufacture of the heaviest guns. 

In reply to this question the Board presents an abstract of 
the information already given, arranged in a convenient form 
for reference. 

Approximate cost of plant for producing the tempered parts 
of guns up to 100 tons, ready for delivery at gun factory : 


DINE scnarcemscssentecsasnevedies pesnnenniens diarectbnsonsaceess $250,000 
Forging (hydraulic PTESS)....+00000 sessece Seeseesee enbevess 150,000 
Rough boring and turning...... .....-sssersseeeees ania 210,000 
POTENT .cccccces cccnccnsensencocuns pugedansesencnenssansceenns 50,000 

_ Tote ul. pindatihdh- dancieiaatmnaiiinsainaiainiedata 560,000 
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Approximate cost of plant for gun factories: 


Guns up to 6-inch caliber........-:ss0ee seseeceeeesceees ss++ 50,000 
Guns from 6-inch to 12-inch caliber.......... + sesesseeeees 150,000 
Guns from 12-inch to 16-inch caliber........ ie ebesensene 350,000 
Buildings and shrinking pit. ............. soncsnesencenceess 350,000 

Total ....... © eecceceses ecceess coccssssocosccocccececscees 900,000 


Three years will be required to complete the tools, construct 
the shops, and establish the plant. Such a factory will be 
able to turn out per year fifty 6-inch, seventeen 12-inch, and 
twelve 16-inch guns, or a proportionally larger number of 
smaller calibers, at a yearly expense of about $2,000,000, 
The figures cannot be pronounced exact, but the Board is con- 
fident that they closely approximate accuracy. The calcula- 
tions are based upon estimates obtained abroad, and do not 
include ocean freight and customs dues.”* 

Under date of May 10, 1882, Colonel Crispin, U. S. A., reported 
the cost of steel construction, as afforded from European sources, as: 


Krupp....ccrcocecscce coccrovccccecscoscscceccceccees 51 to 60 cents per pound. 
Whitworth ........ccccccc.ccccoccesoseees gbasencneuce esses 38 _ 
Woolwich Guns ...... sia Niadaeiliedinaaaiiiat a all 3043 e 
24-cent. steel land service guns (France)............ 48 “ 


The price of French steel construction has been greatly reduced. 

“ Though the Act of Congress replied to in the above report 
is one of inquiry, the Board desires to emphasize the necessity 
of a proper encouragement to the private steel manufacturers, 
which shall insure the supply of gun material without loss to 
the Government or private companies; and is of opinion if 
Congress shall be pleased to appropriate an adequate sum for 
providing modern artillery for the Army and Navy, to be held 
in the Treasury to be expended under the authority of the 
President, that (with such a prospect of remuneration) there 
are steel manufacturers in the United States who will under- 
take the production of gun-metal on a large scale, on the sole 
condition that their steel shall meet the required tests. Unless 
such action be taken, the Government will be compelled to 
purchase its gun-metal abroad, for it will be unreasonable to 
expect private parties to invest over half a million dollars in 
plant without a definite prospect for its employment. 


*Gun Foundry Board Report. 
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The facts that the United States is destitute of the means of 
fabricating the modern guns so urgently needed for national 
defence, and that at least three years will be required to com- 
plete the tools, construct the shops and establish the plant, 
would seem to demand an immediate appropriation of the 
amount ($1,800,000) estimated for the establishment of the 


proposed gun factories. 


E. SIMPSON, 
Rear-Admiral, United States Navy, President of the Board. 
E. O. MATTHEWS, 
Captain, United States Navy. 
T. G. BAYLOR, 
Colonel of Ordnance, United States Army. 
HENRY L. ABBOT, 
Lieutenant- Colonel of Engineers, 
Brevet Brigadier-General, United States Army. 
SAM’L S. ELDER, 
Major, Second Artillery, United States Army. 
W. H. JAQUES, 
Lieutenant, United States Navy, 
Member and Secretary of the Board.”* 


* Gun Foundry Board Report. 








IX. 
CONCLUSION. 



































“We should also provide for making guns and armor of the 
heaviest kind and of the best pattern and of the strongest metal. If 
we had the vessels, we could not now, ourselves, arm them ; for we 
have to send to England or Germany for steel castings for guns of 
over 6-inch bore, and 18-inch may be required. Our best seacoast 
guns are harmless against such iron-clad ships as European nations 
could send into our Atlantic ports in two weeks. The commonest 
prudence and safety should lead our Government to establish and 
perfect works, and train up skilled artisans, at some well-located 
yard, till it can produce at least as heavy and effective ordnance as 
any other nation. 

“In the meantime we should provide abundant means for the 
defence of all our harbors, as monitors, torpedoes, and fortifications 
for these guns as soon as we can make them. 

“ Resolved, That it is the duty of Congress to provide for ade- 
quately defending our harbors, both ocean and lake, and for the con- 
struction of vessels of war, guns, and armor of the highest type, and 
on a scale sufficient to insure the common defence and overcome any 
attacks by foreign nations.” * 


The report of the Gun Foundry Board was laid before the House 
of Representatives, February 20, 1884, during the discussion of the 
Naval Appropriation Bill, but received no consideration, notwith- 
standing the urgent appeal of the Secretary of the Navy for an appro- 
priation to procure modern high-powered cannon, and the statement 
of the Chief of Ordnance, Navy Department, that 

It is hardly probable that the utmost exertions of this bureau could result 
in the completion of the armament of the steel cruisers in time for the ships, 
even if every facility were afforded and all orders could be placed without the 
least delay. 


* Report and Resolutions of Union League Club, New York, December, 1883 
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It has been foreseen from the first that the design and manufacture of the 
guns and their material would entail more difficulty than that of the ships them- 
selves, and therefore it seems doubly unfortunate that the appropriation for the 
batteries should be omitted at a time when it is so very much needed, 

It is not enough to arm simply these steel ships with modern ordnance, but 
the obsolete cannon and material on the ships that carry our flag on the various 
cruising stations should be changed as soon as possible. At present these ships 
are at an immense disadvantage as compared with those of foreign nations they 
meet abroad, and we are bound not to let such a state of things exist a moment 
longer than is absolutely necessary. 


In the Senate, in reply to the inquiry of Mr. Morgan, of Alabama, 
as to what was being done in the manufacture of modern guns, Mr. 
Hale, Acting Chairman of the Committee on Naval Affairs, called 
his attention to the report of the Gun Foundry Board: 


It is a very exhaustive report. It is full of the most interesting facts and 
details, and it places before the country as has not been done before, just 
the situation that we are in with relation to the manufacture of ordnance for 
our Army and our Navy. 

It was a joint board made up of well known skillful officers of the highest 
standing and with the best records. They visited the manufactories of arms in 
the Old World, and have made a very carefully prepared report, showing just 
what the situation is as to this matter. 


In further reply to Mr. Morgan’s statement that 


The commission that has been spoken of by the Senator from Maine went 
abroad last summer, I believe, and also made some explorations through the 
United States for the purpose of examining into the different ordnance estab- 
lishments or the different iron and steel establishments capable of manufacturing 
guns. It submitted a report, which I have not had the “portunity to examine 
with any care. I have merely glanced through it. But I understand that 
they recommend now that we shall go on in the old grooves and look abroad 
for our steel ; that we shall not begin now to build establishments for the pur- 


pose of making steel or for the purpose of working steel. 


Mr. Hale continued: 


The Senator, I know, has given a great deal of time and has an intelligent 
interest in this subject. I wish he would take this report, if he can, to-night, 
look it over carefully, and see what he for one, as a member of this body, is 
ready to do in the way of embarking in this enterprise of governmental estab- 
lishments that can manufacture an entire gun. This is a serious question. It 
is aserious question whether the Government shall grapple with that problem. 
It cannot be done without involving in the future an expenditure of a large sum 
of money. I am entirely ready to go with the Senator to any extent in so 
expending money, for I believe with him that there is something culpable, 
Something criminal in the hap-hazard, easy-go-lucky way that we are going on 
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at present with reference to our national defence. But whoever sets out op 
this road, whoever weds himself to this enterprise, has got to consider that from 
time to time large sums of money will be required. If the American Congress 
is ready to appropriate those sums of money and will follow its hand and will 
not falter, but from year to year will, almost in the nature of a permanent 
appropriation, give those sums of money, we shall reach that point so much 
desired by the Senator of Alabama—of the United States manufacturing all its 
guns, great and small. 

As I have said, I will go with him very far in that direction. The board that 
considered this subject, as the Senator will find when he comes to examine the 
report, go into it very thoroughly. They do not arrive at the conclusion that 
the United States, either by governmental factories or by private means, should 
not manufacture these guns. Quite the reverse. They say clearly : 


The board recommends the establishment of two gun factories under the 
control of the Government. 


And it makes a selection. Then it goes on touching the question whether 
the Army and the Navy each should have an establishment, and arrives at the 
conclusion that an establishment for each branch of the military force of the 
Government should be set up and maintained, one for the Army and one for 
the Navy. They go on further and say: 


With Government gun factories established for both the Army and the Navy, 
there will be still needed the hearty co-operation of the private industries of 
the country. This can not be aroused unless there is held out to them a fair 
prospect of remuneration. The board does not approve of a partnership in 
business between the Government and private firms, All history warns against 
such a course, But it does believe that joint, and at the same time inde- 
pendent, action between them can be made to work harmoniously toward the 
common national purpose. 


The board found this difficulty when it began to deal with the question of 
encouraging private establishments, such establishments as are found in great 
force and strength in the old world under the enterprising head of men of 
genius who have built them up. The board found themselves confronted with 
this trouble, that the private manufacturer in this country can not afford to go 
on, extend his plant, build up his establishment, because of the uncertainty 
whether the Government will come to his rescue and employ him to make guns, 
or encourage him to make guns, or a portion of the guns, for any length of time. 
They say: 

At present the steel manufacturers of our country are not prepared to produce 
the material required for the larger calibers, and the important question arises, 
what means shall be adopted to induce them to study the subject and embark 
in the manufacture on a large scale. They cannot be expected to do this at a 
sacrifice of their own interests. ‘This object can only be achieved by holding 
out a fair prospect of ultimate remuneration for the expenditures necessary to 
undertake the work, and this can only be done by the action of Congress. 


Everybody sees that however enterprising, however patriotic may be the 
owner of one of these private establishments, however much he may be willing 
to extend his plant and increase his establishment, he ought to feel that he can 
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depend upon something like a permanent policy on the part of the Government 
jn encouraging him. The English Government, the French Government, the 
German Government, the government, indeed, of every power in Europe that 
makes any essay toward establishing and maintaining a naval force, appro- 
priates money by millions year after year, and it is because of this that the 
great establishments there that are the wonder of the world are kept up from 
year to year, knowing as they do that the governments will patronize them in 
that part of the world in the manner that they do. But it costs money, and a 
great deal of money, as I have said. If the Government has establishments of 
its own, which in connection with private establishments can make these great 
guns, as I believe it ought to have, and I am ready to vote large sums of money 
to that end, it ought to contemplate what it is going into; it ought not to set 
its hand to the plow and then go back; it ought to go steadily on appropriating 
money out of our surplus revenue. The board wind up by these wise and 
pertinent words and conclusions: 

Three years— 

After estimating the cost of these factories and plants— 

Three years will be required to complete the tools, construct the shops, and 
establish the plant. Such a factory— 

Costing $900,0c0o— 


Such a factory will be able to turn out per year fifty 6-inch, seventeen 12-inch, 
and twelve 16-inch guns, or a proportionally larger number of smalier calibers, 
at a yearly expense of about $2,000,000. The figures cannot be pronounced 
exact, but the board is confident that they closely approximate accuracy. The 
calculations are based upon estimates obtained abroad, and do not include ocean 
freight and customs dues. 


If Congress is ready to embark in this enterprise of building up for the Gov- 
- 7 g 

emment a great gun factory and a great plant for preparing guns for the gun 

factory, so that our steel shall be taken and made into the tube and the tube 

shall be taken and wrought into the gun, and so that we shall not stop at an 

8-inch gun or a 12-inch gun, at nothing short of a hundred-ton gun, I am ready 


to go along in that direction, 


In reply to Mr. Bayard’s reference to his resolution directing the 
Committee on Naval Affairs “to report upon the expediency of build- 
ing a steam-hammer with a foundry properly equipped for the con- 
struction Of artillery of the largest caliber and of modern fashion,” 
Mr. Hale added: 

I want to say one thing further in answer to what the Senator urges as to the 
resolution that he sent tothe Naval Committee. It did, as the Senator in- 
tended, raise this whole question of the advisability, the feasibility of the 
Government building a gun factory and building a hammer of its own to make 
guns. Since the Senator introduced that resolution, the report of this Board, 
from which I have been reading, has been sent in to the Senate by the Presi- 


dent, his message accompanying the report, and the Naval Committee has felt 
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that no investigation by it could add anything to the valuable mass of informa. 
tion contained in that document. I do not believe that we could have Produced 
information that would have thrown any light on this subject, in answer to the 
Senator’s resolution, equal to that. That is the reason why we have done 
nothing more. 


The following amendment was offered by Mr. Hale, but afterward 
withdrawn, in the belief that the forgings for gun tubes, jackets and 
hoops should be, as the Gun Board conclude in their report, produced 
by private enterprise, which should be encouraged : 


For the purchase and erection of plant for casting, forging, rough-boring, 
and tempering guns up to one hundred tons, ready for delivery at gun factories, 
including cost of the process of liquid compression, if adopted, $835,000. 


Mr. Hale also reported the following : 


For plant for gun factory for completing guns from 6-inch caliber to 16-inch 
caliber, including buildings and shrinking-pit, $900,000. 

Mr. BAYARD. The amendment of the Senator from Maine is in the line of a 
proposition which I entirely approve, and that is that the Government of the 
United States should, after this very long interval of neglect, commence the 
preparation of some facilities for the construction of modern artillery. I have 
read with some interest and care the report of the Gun Foundry Board, to which 
my attention was directed by the Senator from Maine, to be found in House 
Executive Document No. 97 of the present session. I have read it carefully, 
and it seems to be most intelligently stated. The result of their recommenda- 
tions is in some degree embodied in the two amendments presented by the 
Senator from Maine; but he has not presented them subject to the conditions 
that the Board recommend. At page 47 of the report, after criticizing the 
English, the French, and the Russian systems of constructing artillery, they 
state the conclusions of the Board, as follows: 

The conclusions of the Board on this subject accord with the plain teachings 
of these historical instances. It accepts the system now pursued in France as 
the proper standard for imitation, and recommends that in inaugurating the 
manufacture of war material in our own country, a conformity as close as cir- 
cumstances will admit to the plans which have proved so successful in France 
should be observed. 

The plan in France was this : 


. 

As an example of depending alone on Government works, France was a per- 
fect instance before the Franco-German war. During the period referred to the 
Government foundries were the sole source of supply of the armament of the 
country ; the officers charged with the work formed a close corporation ; their 
action was never exposed to the public; their ideas were never subjected to 
criticism ; the ingenuity and inventive talent of the country were ignored and 
resisted, and no precaution was thought necessary to provide a supply in case of 
need of rearmament. The result is well known: a great crisis came; the 
Government works were inadequate to meet the additional demands made upon 
them, and the patriotic efforts of private establishments were inadequate to 
produce all the material that was needed. How entirely France has now 
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altered her system is shown in a previous part of this report; her present 
ractice is theoretically perfect, and it has proved to be practically efficient. 
Her Government establishments are still retained, but as gun factories simply, 
in which the parts are machined and assembled, but for foundry work she 
depends upon the private industries of the country, and many of these works 
have found it to their profit to establish gun-factories which supplement the 
Government factories to a great extent. 

That makes the recommendations of the Board obviously wise, and the Gov- 
ernment by having gun factories of its own as well as other plant for making 
the raw material, will never be subject to extortion by private contractors, 
because, unless they shall propose to do their work upon fair terms, the Govern- 
ment will have the ability to turn to its own facilities and prevent its suffering 
at their hands. 

On page 50, however, we come to the conclusion of the report signed by this 
Foundry Board. They state the cost of casting, forging (hydraulic press), which 
itseems by the late experience is preferred to the steam-hammer process of 
forging, rough boring, and turning, and tempering, and the approximate cost 
of plant for gun factories to be found in this document, the one at $775,000 and 
the other at $900,000. But they say: 

Three years will be required to complete the tools, construct the shops, and 
establish the plant. Such a factory will be able to turn out per year fifty 6-inch, 
seventeen 12-inch, and twelve 16-inch guns, or a proportionally larger number 
of smaller calibers, at a yearly expense of about $2,000,000. The figures can 
not be pronounced exact, but the Board is confident that they closely approxi- 


mate accuracy. The calculations are based upon estimates obtained abroad, 
and do not include ocean freight and customs dues. 
. * * * * . 


The facts that the United States is destitute of the means of fabricating the 
modern guns so urgently needed for national defence, and that at least three 
years will be required to complete the tools, construct the shops, and establish 
the plant, would seem to demand an immediate appropriation of the amount 
($1,800,000) estimated for the establishment of the proposed gun factories. 

That is to be the total cost of these two establishments which have been sug- 
gested by the amendment of the Senator from Maine. It is obvious that if three 
years are required, installments of one-third of the amount stated should ratably 
be appropriated as time goes on. But, Sir, there ought to be something more 

g , g 
before this money is appropriated; there ought to be something more than 
. PI ] , £ g 
mere approximation. There can be and there ought to be an examination, and 
a detailed examination, and drawings and estimates, in order to ascertain how 
much of this $2,000,000 in round numbers will be needed in each year to com- 
mence and carry on economically the proposed structures. 

lam strongly in favor of this appropriation when we have put it under the 
proper restrictions, under estimates in detail ; and it is a strange thing that it 
has been so long delayed. It is proper that it should be immediately com- 
menced, and economy will dictate that preparation for the commencement is 
essential. We must know more about it than we can in this way and by this 
amendment. I ask to have read for information that which I would propose as 
a substitute for these two amendments ; but I apprehend that both the amend- 
ments will be withdrawn by the Senator from Maine, because they are not in 
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order on this bill. The point has been suggested by the Senator from Kentucky 
as to one, and it will be as to the other, for it was only withdrawn to allow an 
explanation. Ifthe Senator will allow my proposition to be read, perhaps he 
will agree with me in permitting this amendment, which appropriates no money 

= ’ 
but directs examination to be made, to be incorporated in the bill. 

Mr. HALE. I presume the Senator and I will come to an accord on this 
matter, because we are seeking a common end. _ I have already withdrawn one 
amendment, and only the second one nowremains. I shall be glad to hear what 
the Senator proposes. 

Mr. BAYARD. I ask that my amendment be read for information. 

The PRESIDING OFFICER. The amendment of the Senator from Delaware 
proposed as a substitute will be reported. 

The Chief Clerk read as follows : 

That it shall be the duty of the Secretary of the Navy, with the assistance of 
the naval advisory board, appointed in conformity with the act approved August 
5, 1882, to report to Congress on the first day of the next ensuing session a plan 
and estimate for the preparation and purchase of plant for a gun factory to com- 
plete guns from 6-inch caliber to 16-inch caliber, including buildings and 
shrinking-pit ; also for purchase and preparation of plant for casting, forging, 
rough-boring, and tempering guns up to one hundred tons ready for delivery at 
gun factories, including machinery for liquid compression ; and to report the 
full and detailed estimates for the cost of the work aforesaid, and whether the 
same can be better and more economically performed in establishments owned 
by the Government, or by private contract, or by a combined system whereby 
the said work can be accomplished partly by the Government and partly by private 
contract, and in what annual installments the said appropriation can most 
economically be made. 


Mr. HALE. So far as I see I am entirely willing to withdraw the other 
amendment and accept this amendment that has been submitted, or will 
be, by the Senator from Delaware. It is in the line of a more complete 
investigation of this important subject. The Gun Board does not believe inthe 
Government erecting what is provided for in the second part of the Senator’s 
amendment, but he has well provided in that for the whole question to be con- 
sidered. The report that we get under this will, if anything can, throw ad- 
ditional light. And directly in point here I ask that there may be printed in 
the KecorD a letter from the Secretary of the Navy on this subject, inclosing 
a letter to him from Admiral Simpson, who was at the head of the Gun Foundry 
Board. 

The PrestpinG Orricer. If there be no objection the letters will be printed 
inthe Recorp. The Chair hears no objection, 

The letters are as follows: 


NAvy DEPARTMENT, Washington, April 10, 1884. 

Sir: I have the honor to enclose a copy of a letter from Rear-Admiral Edward 
Simpson, president of the Gun Foundry Board, relative to the amendments pro- 
posed by you to the naval appropriation bill for providing means for the manu- 
facturing within the United States of material for heavy cannon and for the fab- 
rication of naval guns from such material. 1 concur with the Board in advising 
that private works should be induced to produce the necessary steel by con- 
tracts involving a fixed annual appropriation continued for a series of years, and 
that the guns should be fabricated at Government factories. 
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Asthe subject is novel, and any appropriations for these objects will be large, 
Irecommend that there be added a requirement that the sums shall be expended 
only with the assistance and advice of a board appointed by the President after 
confirmation by the Senate, three members of which at least shall consist of 
naval officers. Very respectfully, 

WM. E. CHANDLER, 
Secretary of the Navy. 


Hon. EUGENE HALE, 
Acting Chairman Naval Committee, United States Senate. 


NAVAL ADVISORY BOARD, Washington, April 9, 1884. 


Sir: Referring to an amendment to the naval appropriation bill “reported 
for information’? by Senator HALE in the Senate, which provides for the manu- 
facture of metal for cannon at Government expense, I ask your attention to the 
following conclusions arrived at on this subject by the Gun Foundry Board: 

The Board concluded that the Government should fabricate the guns at gun 
factories. 

The Board concluded that the manufacture of the material, including casting, 
forging, rough boring and turning, and tempering, should be done by private 
works. 

The amendment reported yesterday is opposed to the mature conclusions of 
the Board, which desired this encouragement given to the private industries of 
the country. 

In order to encourage this outlay of private funds, the Board proposed a per- 
manent appropriation (similar to that for supplying arms to the militia) for 
“providing the country with modern artillery.”” This appropriation would be 
aguarantee against loss to those who undertake the work. 

The proposals of the Board would thus involve— 


1. Nine hundred thousand dollars for the establishment of a complete 
Government gun factory for the Navy. 

This includes the fabrication of guns of the largest calibers. So far as the 
Navy is concerned, the plant for guns from 12-inch to 16-inch calibers might be 
omitted at present; guns up to 12-inch caliber is all we will require for some 
time. This would reduce the amount of the appropriation to $550,000. 

2. To keep the full plant, including that for 16-inch caliber, busy (producing 
fifty 6-inch, seventeen 12-inch, and twelve 16-inch guns yearly) a permanent 
yearly appropriation of $2,000,000 will be required. Leaving out the guns from 
12to 16-inch calibers would reduce that amount about one-half, say to $1,000,000. 

If half of this amount be estimated for labor at the gun factory and half for 
purchase of material, the private manufacturers will have the guarantee of 
$500,000 yearly to remunerate them for the expense of putting up a plant for 
preparing the material for guns for the Navy alone. 

I would recommend as a substitute for the amendment referred to, the fol- 
lowing : 

“For the purpose of providing modern artillery for the Navy of the 
United States, for the purpose of encouraging in the United States the manu- 
facture of material suitable for modern artillery, and for the purpose of estab- 
lishing a guarantee against loss to those manufacturers in the United States 
who will undertake the manufacture of suitable material, $1,000,000, to be a 
permanent yearly appropriation to be expended under the authority of the 
President for the specific purposes cited. 

“ For plant for gun-factory for completing guns embracing all calibers up to 
twelve inches, including buildings and shrinking-pit, $550,000.” 

I feel confident with such a guarantee the material for cannon will be 

















862 THE ESTABLISHMENT OF STEEL GUN FACTORIES, 


forthcoming from our own steel-works. I believe that the Cambria Works at 
Johnstown would entertain the idea seriously and at once. 
Very respectfully, 
E. SIMPSON, 
Rear Admiral, United States Navy, President of the Gun Foundry Board, 
Hon. W. E. CHANDLER, : 
Secretary of the Navy. 
Mr. HALE. I withdraw my amendment. 


During the discussion of Mr. Bayard’s amendment, various changes 
were made until the following was finally agreed to: 

That it shall be the duty of the Secretary of War and the Secretary of the 
Navy, with the assistance of the Gun Foundry Board, which is hereby revived, 
to report to Congress on the first day of the next ensuing session a plan and 
estimate for the preparation and purchase of plant for a gun factory to complete 
guns from 6-inch caliber to 16-inch caliber, including buildings and shrinking- 
pit; and to report full and detailed estimates for the cost of the work aforesaid, 
and whether the same can be better and more economically performed in estab- 
lishments owned by the Government, or by private contract, or by a combined 
system whereby said work can be accomplished partly by the Government and 
partly by private contract, and in what annuAl installments the said appropria- 
tion can most economically be made. 


In the consideration of the Senate\amendments by the House of 
Representatives, Mr. Talbott moved that Mr. Bayard’s amendment 
should be concurred in; but, after considerable discussion, withdrew 
his formal amendment. 

The amendment, however, was accepted in conference committee, 
and the Gun Foundry Board reconvened May 15, 1884, commenced 
the preparation of detailed plans and estimates for two steel gun 
factories, one for the Army and one for the Navy, and sent the follow- 
ing to the steel manufacturers of the United States: 


GuN FounpDry BoarpD, 
NAVY DEPARTMENT, 
WASHINGTON, D. C., AMZay 15, 1884. 

GENTLEMEN :—There is forwarded to you herewith a copy of the report of 
the Gun Foundry Board, organized by order of the President, April 2, 1883. 

The report has been favorably received by Congress, and the Board is again 
in session for the purpose of supplying supplementary information looking 
towards the development of gun factories for the Army and the Navy. 

In addition to what is contained ir the report, your attention is particularly 
called to the following paragraph, included in the order under which the Board 
is now acting : 

“In case the Board shall be of opinion that the manufacture of the 
necessary gun material should be developed in this country by contracts with 
American manufacturers, the Board may communicate with and receive pro- 
posals from such manufacturers ; and will cause to be prepared and submitted 
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suitable contracts in detail, ready for execution, in case they shall be approved 
by Congress, and will make specific recommendations concerning the same,” 

The Board is also directed to report “in what annual installments appro- 
priations can most conveniently be made.” 

You will see from the report that the Board is very decidedly of opinion 
that the gun material should be developed in this country, and the object of 
now addressing you is to request from you such proposals as may guide the 
Board in its recommendations as to the annual appropriations to be made. You 
are requested to consider the classes presented under the head of “ Cost of 
Plant for the Manufacture of Guns,” on page 40 of the report. 

There will be required for the largest guns a capacity for casting an ingot of 
oo tons. For 12-inch and for 6-inch guns there will be required a capacity for 
casting ingots of about 30 tons and 5 tons respectively. 

For forging these masses, there will be required a hydraulic press, with its 
accessories ; for the largest castings, one of 36-inch diameter will be necessary ; 
but for the smaller ones, presses of reduced power and cost may be substituted. 

For rough boring and turning, there will be required a plant, as shown on 
page 41 of the report. 

For tempering, there will be required a suitable furnace and tank. 

All the above operations will be required at the foundry before the parts will 
be received at the gun factories, and estimates of the cost of the appliances are 
stated in the report. 

In whatever particular your works may be deficient in the appliances required 
above, you are requested to consider the outlay necessary to efficiently equip 
your establishment, and to determine the size of contract for annual supply of 
gun material for a term of years, that will justify you in incurring this 
expense for plant, your remuneration to be derived solely from the price paid 
by the Government for the material after passing the tests required. 

As this subject is now before Congress, you are requested to provide the 
information asked for, at your earliest convenience. In considering the matter 
of a plant for the manufacture of gun material, the Board suggests that you do 
not lose sight of its availability for the manufacture of armor, for which a call 


may be made by the Government. 
Very respectfully, 
E. SIMPSON, 
Rear-Admiral, U. S. Navy, President of the Board. 


In the selection of the sites for the twu gun factories, the Board 
chose those that were considered the most advantageous. 


Watervliet Arsenal.—This arsenal is situated in West Troy, New 
York, and comprises 109 acres, portions of which are occupied at 
present (Plate LX XVII.), as follows: 





1 Guard House. 5 Iron Store-house. 
2 Office. 6 Work Shops. 
3 Qr. Mr. Office and Engine House. a Smith. 


4 Store-house, 6 Finishing. 
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¢ Carriagemakers and Carpenters. 19 Brick Stable. 


@ Paint. = ©¢ “ 
e Foundry. 21 Hospital. 
g Armorer’s. 22 Barracks. 
A laa Story, Saddler’s. 23 Ice House. 
k Polishing and Brazing. 24 “ “ 


tN 


P. Nitre Store. 


m Turbines. 5 
6 Timber Store-house, WV. 


to 


x Boiler and Engine Rooms. 


x FoundationforNewSmithShop. 27 “ os M', 
7 Brick Arsenal. 28 as ss M:. 
8 Coal Yards. 29 o 6 O. 
g Laboratory. 30 - é K. 
10 Officers’ Quarters. 31 ” ts Ez 
1 “ “ 32 Carriage Shed, Temp’y. 
12 Stone Arsenal. 33 = " 
13, Com’d’g Officers’ Quarters. 34 Proof House. 
14 Artillery Store-house. 35 Tank House. 
15 Cottages for Enlisted Men. 36 East Magazine. 
16 ” " 37 West ” 
17 “ “ 38 Carriage Sheds. 
15 is 7 39 7 ve 


The river front is 1600 feet long, 800 feet of which is finished as a 
stone wharf where vessels as large as any navigating the upper 
Hudson can unload. From the river it extends westward with a 
width of 1700 feet to the Erie canal (passing through about 600 feet 
from the river), and thence in triangular shape to a point about 1000 
feet from the canal and within 300 feet of the track of the Delaware 
and Hudson Railroad, with which an easy and inexpensive connection 
would afford direct communication with the Albany and Susque- 
hanna, Rensselaer and Saratoga, Hudson River, New York Central, 
Troy and Boston, and Boston and Albany Railroads, and provide 
abundant means of transportation for supplies and products. 

The Erie Canal and Hudson River also furnish their best facilities 
for water transportation, west and south; so that, for the movement 
of every variety of freight in any direction, all the best known means 
are at hand. 

The city of New York (within four and a half hours by rail and 
ten hours by water) offers the advantages it affords for supplies of 
material, of labor, and external shipping. Thus, while almost within 
the city limits for peaceful purposes, for military protection and 
security this site is in the valley, equidistant from the ocean and the 
lakes, and guarded from the attack of an enemy by a long line of 
march from either. 
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PLAN OF NAVY YARD.—WASHINGTON, D C. 
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Receiving without probable interruption and with facility all 
material that may enter the chief ports, or be gathered from our 
felds, in time of war, it can safely distribute by interior roads its 
completed productions to every exterior point of defence—itself un- 
disturbed—even should an enemy’s fleet command our whole Atlantic 
coast. 

The neighborhood possesses skilled labor to an unusual extent and 
variety. 

It is in direct and most convenient water communication with the 
proving-ground at Sandy Hook, New Jersey. 

While there exist no private works in sufficient proximity to 
threaten absorption, the ground west of the Erie Canal, beyond the 
present limits of the arsenal, is almost without settlement, rendering 
possibility of expansion easy and certain. 

The character of the foundation is excellent ; in salubrity of climate 
and in agricultural resources, the neighborhood is equal to any, so 
that no local advantage is wanting to fit it for the purpose. 

The site thus appears to meet all the requisites, page 555, of loca- 
tion and adaptability. 


Washington Navy Yard.—This navy yard is situated in the District 
of Columbia, on the eastern branch of the Potomac River, and com- 
prises 42 acres, portions of which are occupied at present (Plate 


LXXVIII.), as follows: 


A Officers’ Quarters. 17 Fulminate House. 

B “ s 18 Mixing 

5 « e 19 Finishing * 

D ag as 20 Rocket - 

E és 21 Cap-filling ‘“ 

F as as 22 Shell “ 
ee ee 23 Ordnance Store. 

- 24 Laboratory. 

1 Commandant’s Office. 25 Magazine, 

2 Main Gateway Building. 26 Ordnance Stores. 

6 Dispensary. 27 “ Foundry. 

7 Civil Engineer’s Office. 28 és Machine Shop and Boiler 
8 Naval Store. House. 

9 Ice House. 29 Iron Foundry. 

10 Museum. 30 Coal Shed. 

12 Stabie. 31 Rocket Press House. 
Oe, 32 Acid House. 

15 Packing House. 33 Stables. 

16 Ordnance Store. 34 Gun Carriage Shop. 
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35 Sulphur House. 58 Copper Rolling Mill. 
36 Ordnance Foundry. 59 Brass Foundry and Finishing Shop. 
37 Timber Shed. 60 Caboose and Tin Shop. 
38 Saw Mill and Joiner Shop. 61 Coppersmith’s Shop. 
41 Machine Shop. 62 Paint “ 
2 Erecting ‘“ 63 Ship House and Marine Railway. 
43 Smithery and Galley Shop. 65 Experimental Battery. 
44 Boiler Shop. 67 Ammunition Store, 
45 Chain * 68 Office. 
46 Anchor, Faggotingand Forge Shops 70 Pitch House, 
47 es “ “s s 4“ 74 Watch Box. 
48 Boat House. 79 Boiler House and Chimney. 
50 Ship “ 81 Naval Store. 
51 Timber Shed and Mould Loft. 83 Saw Mill, Boiler Room and Stack, 
53 Iron Foundry. 87 Boiler Koom and Stack, 
54 Naval Store. 94 West Gate. 
55 Fire Engine House. 95 East “ 
56 Provisions and Clothing Store. 96 Watch Box. 
57 Rigging Loft and Iron Store. 99 Boat Sheds. 


The depth of water, expressed in feet (Plate LX XVIIL.), is sufi- 
cient for all purposes of transportation of material and finished pro- 
ducts to and from the factory. 

The site is naturally secure from an attack by a foreign fleet. Its 
lines of communication with the principal sources of supply seem well 
secured against destruction by an enemy. 

At moderate expense, a junction can be made with the Pennsyl- 
vania Railroad, which is close to the yard, and is in direct commu- 
nication with those steel works that would probably undertake to 
provide the material for fabrication. 

The compass and diversity of skilled labor are limited ; but this is 
not a most important requisite, since the majority of successful manu- 
factories producing steei guns and other ordnance material have been 
established in localities almost destitute of the skilled labor required 
for their development. 

There is no demand for the site for mercantile purposes and there 
are no private works near enough to absorb it. While, therefore, it is 
free from encroachment, the yard is in a most fitting situation for 
expansion. The climate is favorable. 

The fabricated ordnance can be readily transferred to the Annapolis 
polygon, or to the Sandy Hook proving-ground, for the Pennsylvania 
Railroad Company, at present, has facilities for transporting a gun of 
80-tons weight, and will no doubt meet any demand ior transportation 
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as rapidly as a gun-factory plant can be developed. In fact, in the 
problem of providing steel for guns and establishing steel gun fac- 
tories, the question of ¢ransportation can be easily solved. 

The location of a gun factory in the District of Columbia, the 
representative site of all sections of the country, will combine all local 
interests; the development and interesting work will be directly 
under the eyes of those who will be asked to make appropriations for 
its support ; and the proximity of the establishment to the Depart- 
ments will facilitate supervision. 

It would seem, therefore, that, in the selection of the Washington 
Navy Yard as a site for the Naval gun-factory, the Board has made 
a most syjtable choice. 


The Report of the Gun Foundry Board appears to have fully met 
the requirements of the act of Congress of March 3, 1883, and con- 
tains direct information as to the best method to be adopted to pro- 
vide a means of supplying modern ordnance, and the cost of the 
buildings and implements to be used in the manufacture thereof. 
The conclusions are based upon the valuable experience of those who 
have carefully studied and practised, whose governments have pro- 
vided generously, that their servants could best meet the demand. 

The establishment of a government steel foundry does not appear 
to be advisable. It would be a step backward. Many years of 
experiment would be required before this foundry could arrive at the 
position now held by one or two, at least, of our leading steel manu- 
facturers, whose plants are deficient only in forging apparatus. 

The plan, that the Government should provide a hammer for the 
use of private individuals, is not only very objectionable on account 
of the reasons set forth by the Chief of Naval Ordnance (page 549), 
but it divides responsibility, savors of partnership—so prominently 
disapproved—and the expense of transferring the hammer, as sug- 
gested, would make the price of the forging instrument enormous, by 
the addition of the cost of a new foundation. 

The objections to the partnership advocated in the views and plans 
of the Chief of Ordnance, War Department (page 556), are fully dis- 
cussed in the report, and concisely presented in the conclusion that 
“all history warns against such a course.” 

No aid should be given to any corporation that is not based solely 
upon “ price paid for material after passing the required tests.” 

The danger of failure is even greater with a partnership between the 
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Government and a private firm than from the conservatism and 
narrowness of a purely governmental establishment. Both should be 
avoided. 

The Board has indicated an efficient, practical system, whereby the 
private industries will be developed in providing the material, and the 
necessary governmental supervision will be retained in the fabrication 
of the guns. It has shown whence the best implements can be sup- 
plied, the time necessary to manufacture them, their cost, and the 
guaranty of their efficiency. It has pointed out the steel manufac. 
turers of the United States who are willing to undertake the develop. 
ment of plant for the supply of material, if the Government will guar- 
antee employment. 

But Congress alone can meet the only remaining, but most impor- 
tant, requisite—an adequate appropriation. 

In the estimates for gun factories, and the recommendation that 
they shall be governmental, Congress can take no just exception to the 
conclusions of the Board, for the estimates are reasonable, and the 
gun factory work, that is, machining and assembling the parts and 
finishing and sighting the guns, is appropriately governmental ; even 
in private establishments where guns are fabricated, the operations 
are conducted under the supervision and inspection of army and navy 
officers. 

For the purchase of material from the steel manufacturers of the 
United States, a large appropriation should be made, to be expended 
under the authority of the President. This appropriation should be 
made immediately, that the steel manufacturers, who will undertake 
the supply, may complete a forging-plant in time to meet the demands 
of the gun factories for material. 

With adequate appropriations, to be expended under the direction 
of an advisory board, confirmed by the Senate; with the understand- 
ing that the remuneration of the steel manufacturers shall “ be derived 
solely from the price paid by the Government for the material after 





passing the tests required”; and with the establishment of the two 
gun factories, as recommended by the Gun Foundry Board, the 
United States will no longer be destitute of a means of providing 
proper ordnance for modern warfare, but will see her private indus- 
tries producing the best gun and armor material in the world, her 
gun factories equal to every demand made upon them, and her guns 
again “the models for imitation, and the standards for comparison 
of all nations.” 
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steam, 591, 592, 654, 698, 699, 700, 701, 702, 704, 705, 708, 715, 769, 


773, 785, 803, 804, 806, 829, 832, 831, 835, 836, 837, 838, 539. 
steam, Creusot 160-ton, 698, 700, 701, 702. 
steam, Creusot 100-ton, 698, 700, 701, 702. 
steam, Sellers, 803, 804. 
travelling 583, 589, 654, 686, 701, 708, 715, 814, $29, 830, 831, 835, 836, 
837, 838, 839. 
travelling, 100-ton, 701. 


Creusot, Le, 592, 659, 684, 685, 689, 691, 693, 694, 695, 696, 697, 698, 699, 700, 
701, 702, 703, 704, 705, 706, 707, 708, 709, 711, 714, 71S» 723) 725; 


732, 766. 
hammers, 691, 695, 697, 698, 699, 700, 701, 702, 703, 704, 705, 708. 
steel, 562, 646, 647. 
works, 563. 
Crimean War, 694. 
Crispin, Colonel, U. S. A., 669, 680, 682, 732, 741, 745, 852. 
Crucibles, 604, 605, 725, 766, 767, 770, 783, 784, 785, 786, 787, 813. 
Crucible furnaces, 604, 767, 784, 785, 813, 814. 
steel, 602, 605, 626, 629, 630, 664, 691, 750, 766, 770, 784, 787, 813. 
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Crudas, 580. 

Crushing machines, 696. 

Cupola furnaces, 583, 658, 773, 803, 816, 817. 

Customs dues, 847, 852, 857, 859. 

Cyclops Steel and Iron Works, 614. 

Cylinder linings, 641, 725, 726. 

Dahlgren guns, 531, 538, 797, 815, 821. 

Dalmen, 768, 779. 

Danube, 706, 791. 

Dard, General, 735, 74°, 742, 747- 

Davenport, R. W., 567. 

De Bange, Colonel, 732, 740, 74 

fermeture, 750, 751, 

advantages of, 752. 


Lena) 


disadvantages of, 75 
gas-check, 669, 670, 748, 750, 751, 752- 
gun-construction, 732, 742, 743) 744, 747, 748. 

Decize, 695. 

Deflection, 728. 

De-phosphorizing process, 660. 

“Development of Armor for Naval Use,”’ 535, 621. 

steel plates, 547. 

Dinamode, 622. 

Dinas bricks, 782. 

Direct process, 653. 

“Direction of Material,’’ 735. 

Directors, Board of, 687. 

Dividing machines, 589, 594- 

Dolomite, 656, 809. 

Donkin, 580. 

Double-enders, 532. 

Dowlais, 654. 

Drilling machines, 589, 594, 836, 837, 838 

Ductility, 562, 633, 636, 642, 741, 784. 

Duisburg, 768. 

Dupuy, Mr., 567. 

Durability, 574, 575, 576. 

Dwellings, 706, 768, 769, 812, 848. 

Earthworks, 706. 

Economy, 575, 576. 

Ede, George, 592. 

Edgar Thomson Steel Works, 815. 

Education, 707, 812. 

Elastic limit, 543, 562, 563, 564, 604, 681, 715, 719, 720, 722, 727, 

772, 755, 795- 


Elasticity, co-efficient of, 720. 
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Elba ores, 583. 
Elder, Major S. S., U. S. A., 553, 853. 
Electricity, 686, 695, 721, 812. 
Ellis, John D., 606, 607, 608, 609, 611, 613, 614, 621, 659. 
Elongation, 562, 563, 564, 631, 719, 720, 721, 722, 725, 726, 727, 728, 729, 741, 
747, 772, 788. 
curve of, 720, 722. 
Elswick, 543, 579 573, 576, 578, 579 580, 581, 582, 583, 554, 585, 586, 587, 588, 
595, 630, 645, 664, 670, 781, 843. 

cup, 670. 

gun-fabrication at, 584, 585. 

hammer, 582, 553. 
Elwell, Mr., 689. 
Emery testing-machine, 819, 820, 821. 

advantages of, 820. 
disadvantages of, 821. 

Employees, 706, 707, 766, 768, 769, 784, 802, 808, 811, 812, 813, 817, 348. 
Employment, guaranty of, 566, 567, 568, 576, 684, 816, 818, 849, 852, 863, 368. 
Endurance, 633, 735- 
Energies, 673, 710, 7 
Enfield, 834, 835. 
“Engineer, London,” 626, 642, 698. 


11, 737, 748. 


“ Engineering, London,” 652, 782, 817. 
Engineers, Royal, 623. 
Engines, blowing, 696, 803, 804. 
marine, 694, 696, 705. 
pumping, $29, 830, 831. 
stationary, 696, 768, 784, 803, 805, 806, 807, S11, 812, 816, 817, 334. 
England, 570, 842, 846, 850, 854, 857. 
English Admiralty, 595, 622, 634, 636, 850. 
Equilibrium, equation of, 718. 
Erme, General, 796. 
Erosion, 643, 790. 
Essen, 543, 554, 574, 698, 759, 760, 761, 762, 763, 764, 765, 767, 768, 769, 779, 
777+ 778, 779, 780. 
Eston, 602, 652, 653, 654, 655, 656. 
“ European ordnance and manufacturers,’’ 682. 
Euverte, Mr., 724. 
Expansion, 608. 
Experience necessary for the manufacture of modern ordnance, 533, 547) 554 
569. 
Experiments, immense sums of money spent for, 551. 
Fabrication, 534, 584, 585, 591, 592, 593, 594, 084, 688, 705, 735, 760, 765, 770, 
783, 787, 793, 815, 822, 829, 833, 838, 839, 844, 847, 850, 853, 85 
860, 861, 866, 868. 


in Russia,” 783. 
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Factories, gun, 537, 543) 545, 547, 549) 579 576, 580, 588, 589, 594, 605, 660, 661, 
662, 664, 670, 680, 681, 683, 684, 685, 723, 732, 740, 765, 782, 
838, 843, 844, 850, 851, 853, 856, 857, 858, 859, 860, 861, 863, 
$67, 568. 


steel, 033, 684, 76s, 800, 


wn 


Fairburn, Kennedy and Naylor, 583. 
Fermeture, de Bange, 75°, 751, 752, 793- 
French, 642, 661, 666, 669, 745, 747. 748, 749, 793, 822, 828. 
Krupp, 775; 777; 778; 793- 
Fettling, 771, 772- 
Field guns, 731, 774, 782, 788. 
Financial ability, 845, 848, 849. 
Fingspong, 732. 
Finishing, 782, 786, 868 
lathes, 705. 
Finland, 754. 
Fire departments, 768, 784, 811, 812, 815. 
Firminy (Loire), 684. 
Firth, Thomas and Sons, 595, 602, 603, 604, 605, 750. 
hammer, 604. 
Fives-Lille (Nord), 684, 689, 752, 754, 750. 
Flouring-mills, 808, 811. 
Fluid compression, 558, 632, 633, 634, 636, 637, 638, 639, 642, 787, 831, 851, 858, 
860. 
Fluss-cisen, 771, 772. 
Fonderie de canons a Bourges, 685. 
Foot-ton, 622. 
Forge-neuve, 687. 
Forges, 580, 583, 604, 687, 691, 693, 694, 695, 697, 698, 701, 705, 706, 707, 806, 
814, 849, 868. 
Forging, 537, 549, 558, 560, 561, 562, 564, 583, 584, 604, 608, 610, 615, 617, 632, 
7° 714, 724, 731, 742, 
767, 769, 771, 784, 786, 787, 800, 815, 829, 830, 832, 833, 844, 846, 


849, 851, 858, 859, 860, 861, 863, 868. 


634, 637, 642, 644, 682, 690, 691, 
apparatus, 552, 554, 558, 569, 867, 868. 


United States totally deficient in, 558, 560, 800, 818 
846, 853, 859, 867. 


° 
22 
O33}, 


’ 


hydraulic, 558, 569, 632. 
press, 584, 639, 640, 641, 642, 829, 830, 831, 833 
hydraulic, 639, 640, 641, 642, 829, 830, 831, 833. 
Whitworth system, 563, 632, 637, 639, 640, 641, 642. 
superior to all others, 563, 637, 642, 787. 
Forgings, dimensions of, 591, 727. 
physical qualities of, 561, §63, 725, 735) 742, 804. 
Fortifications, helpless condition of, 534, 535- 


Fort Pitt Foundry, 545, 797. 
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Forts, granite, 622, 623, 624, 625. 
plated experiments on, 622, 623, 624, 625, 626. 
Fossano powder, 622. 
Foundations, 691, 699, 700, 702, 769, 783, 787, 805, 820, 839, 865, 867. 
Foundries, cast-iron gun, 539, 687, 694, 723. 
European, 555, 557, $59, 683, 723, 732. 
government, 540, 548, 549, 554 559 557, 558, 683, 781, 844, 858, 867, 
private, 556, 557, 693, 765, 779, 801, 802, 803, 829. 
France, 543, 633, 683, 842, 843, 844, 846, 850, 857, 858. 
Franco-German War, 683, 690. 
Frankford Arsenal, 556. 
Frankstown, Pa., 801, 502, 811. 
Frazer system, 662. 
Frettage, 739. 
Frettes, 605, 711, 713, 725, 726, 732, 735) 739) 745 
Fribourg, viaduct of, 705. 
Frigates, 694. 
Furnaces, 556, 568, 583, 584, 589, 590, 591, 594, 602, 603, 604, 605, 606, 608, 613, 
617, 626, 627, 628, 629, 649, 652, 653, 654, 655, 657, 658, 659, 687, 
688, 690, 691, 692, 693, 694, 695, 696, 697, 698, 699, 701, 702, 703, 
708, 713) 715, 724) 725» 735» 766, 767, 768, 769, 770, 771, 772) 773 
782, 783, 784, 785, 800, 801, 802, 803, 804, 805, 810, 813, 814, 816, 
$17, 818, 829, 830, 831, 848. 
blast, 583, 649, 652, 653, 654, 655, 657, 766, 768, Soo, So1, 802, 803, 
810, 813. 
cementation, 602, 603, 604. 
converting, 606. 
crucible, 604, 767, 784, 785, 813, 814. 
cupola, 583, 658, 773, 803, 316, 817. 
heating, 584, 604, 613, 688, 693, 698, 699, 701, 702, 703, 708, 71% 715 
735, 769, 782, 783, 785, 805, 816, 817, 829, 830, 831, 848. 
open hearth, §68, 589, 590, 591, 605, 626, 627, 628, 629, 659, 696, 770, 
771, 772, 801, 813, 814, 816, 817, 818. 
Pernot, 568, 691, 695, 696, 771, 772, 801, 804, 816, 817, 815. 
Price’s retort, 589, 590, 59I. 
puddling, 692, 697, 784, 801, 803, 816, 348. 
regenerative, 591, 617, 626, 628, 629, 701, 771. 
reverberatory, 608, 629, 649, 688, 697, 803. 
rotary, 568, 691, 692, 695, 696, 770, 771, 804, 816, 817. 
Siemens, 584, 591, 604, 617, 626, 627, 628, 629, 655, 659, 690, 691, 696, 
701, 715, 724, 725, 782, 783, 784, 785, 805, 814, 816, 817, 
829, 830, 831. 
smelting, 687, 693, 694, 695, 696. 
Gadaud, Captain, F. N., 777. 
Gadolin, 732. 
Galy-Cazalat manometer, 716, 717, 718, 719, 721, 722. 
adjustment of, 721, 722. 
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Ganister, 612, 615, 617, 647, 650, 652, 773. 
Gas, 696, 701, 707, 754. 
-checks, 636, 643, 669, 670, 748, 749, 759 751, 752) 777, 778, 793- 
de Bange, 669, 670, 748, 750, 751, 752- 
-lighting, 707. 
occluded, 650. 
-producers, 582, 591, 626, 627, 629, 773, 782, 804, 805, 813, 816, 817, 529, 
830, 831. 
-works, 784, S11. 
Gauges, 594, 792, 820. 
Gautier steel works, 808, 813. 
Gavre, 564, 683, 711, 754, 756, 7 58. 
Gearing, hand, 588. 
General Summary of Gun Foundry Board, 842. 
Generators, 701. 
Germany, 602, 654, 659, 759, 842, 846, 854, 857. 
Getty, Brig.-General, U. S. A., 540, 542. 
Gilchrist, Thomas and, 654, 660, 773. 
Gjers soaking-pits, 806. 
Glasgow, 606, 724. 
Goroblagodat, 784. 
Gorton, 653. 
Government aid, 539, 54°, $42, 543, 546, 547, 556, 559, 566, 568, 622, 706, 750, 
798, 843, 844, 847, 867. 
foundries, 554, 556, 557, 558, 570, 683, 685, 842, 849, 850. 
patronage, 533, 731, 765, 816, 856. 
reward for past services, 546, 547. 
Gramme-electric motor, 686. 
Granite forts, 622, 623, 624, 625. 
Gravity, center of, 822, 825. 
Greenwood and Batley, 605, 833, 834, 835, 336. 
Gregorini shell, 622. 
Grinding, 584, 585, 807. 
Gruner, 724. 
Gruson chilled iron shield, 646. 
Guaranty against loss, 576, 578, 845, 846, 851, 861. 
of employment, 566, 567, 568, 576, 684, 816, 818, 849, 852, 863, 86S. 
Gunboats, 694. 
Gun-carriages, 541, 544, 548, 550, 595, 599, 597, 598, 599, 6c0, 601, 685, 696, 705 
734, 737, 748, 767, 774, 788, 791, 793) 794» 795» 796, 850. 
hydraulic, 595, 596, 597, 598, 599, 600, 601, 682, 793, 796. 
Razkazoff, 793, 794, 795, 796. 
Vavasseur, 595, 596, 597, 598, 599, 600, 6o1. 
-cotton in shells, 788. 
-factories, 537, 543) 545) 547» 549, 570 576, 580, 588, 589, 594, 605, 660, 661, 
662, 664, 670, 680, 681, 683, 684, 685, 723, 732, 740, 765, 782, 838, 
843, 844, 850, 851, 853, 3856, 857, 858, 859, 860, 861, 863, 867, 868. 
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Gun-factories, Royal, 561, 570, 576, 580, 588, 589, 594, 605, 662, 664, 670, 680 


631, 843, 858. 
-factory plant, 798, 799, 829, 833, 836, 837, 838, 851, 852, 858, 859, 860, 861, 
862, 867, 868. 
cost of, 798, 799, 836, 837, 838, 851, 852, 857, 858, 859, 86r, 
862, 867, 868. 
‘foundry Board, 545, 546, 547, 550, 552, 553, 554, 710, 760, 761, 762, 763, 
764, 765, 780, 798, 799, 842, 845, 846, 854, 855, 856, 858, 
859, 860, 861, 862, 867, 868. 
plant, 798, 799, 829, 830, 831, 832, 833, 851, 858, 867, 868. 
cost of, $29, 830, 831, 832, 833, 851, 858, 867, 868. 
making, necessary elements in, 533. 
system adopted by England, 535, 630, 662, 664, 666. 
France, 535. 
Germany, 535- 
-material, 622, 664, 690. 
accepted, 535, 543, 563, 576, 626, 629, 634, 642, 661, 664, 690, 740, 
742, 775+ 793, S00, S21. 
purchase abroad, 822, 852. 
parts, weights of, 630, 680, 742, 745, 748, 755, 756, 766, 767, 774, 778, 785, 
787, 792, 793, 796, 822, 825, $30, S51. 

platforms, 706. 

“practice, 764 

-shields, 599, 600, 623, 646, 737, 763. 

-steel, cannot be provided in United States, 535, 539, 549, 545, 553, 853. 
development of, 569, 626, 629, 642, 690, 695, 742, 745, 765, 770. 
manufacture of, 534, 536, 545, 559, 567, 629, 633, 684, 690, 760, 764, 

770, 783, 797, 829, 838, 839, 847, 849, 850, 868. 
treatment of, 561, 562, 637. 
Armstrong original, 571, 572, 573) 575: 
3-pounder, 570, 571, §72, 573- 
5-pounder, 573. 
18-pounder, 573. 
40-pounder, 576. 
110-pounder, 572, 576, 577. 
100-ton, 630, 631. 
Schultz, 752, 753. 754, 755» 759, 757) 758- 
Whitworth 7-inch B. L. R., 634. 
g-inch B. L. R., 642, 643, 644, 645. 
35-ton M. L. R., 634. 

4-pounder, 832. 

50-pounder, 832. 

6-inch, first all steel manufactured in the United States, 815. 

6-inch, 80 cwt. B. L. R., 663. 

89 cwt. B. L. R., Mark III., 66s. 

$-inch, dismountable, 791, 792 
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Gun, 15-inch smoothbore, 532. 


B. L. R., wire, 63 tons, 631. 


Guns, all made under supervision of Army or Naval officers, 546. 





build in own factories, 536. 
built-up, 543, 574, 575; 576, §94, 664, 741, 745. 775, 345. 
cast-iron, hooped and tubed with steel, 540, 543, 732, 733) 737» 739) 739 


754, 762, 821. 


M. L. smoothbore, 538, 546, 731, 766, 797, 821. : 
rifled, 731, 797. 

character and number of, 538. 

coast, 707, 774, 793- 

construction of, 540, 543, 574, 575, 630, 632, 634, 662, 672, 673, 674, 675 


} 
670, 077, 075, 679, O50, O51, 682, 732, 742, 743. 744, 7475 
53> 754. 755» 759 757, 753, 760, 764, 775, 778 
: 827, 828, 854. ~ 
converted rifles, 538, 546, 797, 815, 821. 
cost of, 756, 767, 779, 781, 833, 852. 
difficulty of manufacture in the United States, 5 
field, 731, 774, 782, 788. 


7s) 


ww 


539 549, 545, 853. 


high-power, 736, 737, 816, 854. 
machine, 543, 544, 668. 
models for imitation, 531, 821, 868. 


modern, United States has no, 536, 537, 538, 546, 551, 854, 859, 868. 


wm 


mountain, 6055, 705, 732, 703, 793- 
774- 
power of, 552, 769, 771, 773) 774) 775: 


pivot, 763, 


position, 731, 732. 
rapid-firing, 633, 736, 737. 
siege, 685, 731, 732, 774, 782, 788. 
standards for comparison, 531, 821, 868. 
steel, 540, 630, 632, 661, 662, 664, 685, 688, 690, 732, 736, 737, 740, 745 
746, 766, 770, 788, 797, 798, 815, 816, 821, 822, 843. 
wire, 540, 557, 558, 564, 672, 673, 674, 675, 676, 677, 678, 679, 680, 681, 
052, 747) 752) 753s 754» 755» 759 757, 758, 815, 821, 825, 826, 827 
525, ‘ 
Armstrong, 673, 074, 075, 676 677, 678, 6709, 680. 
without trunnions, 661. 
Armstrong, 538, 570, 571, 572, 573+ 575» 576 577, 578, 630, 631, 669, 673 
674, 675, 676, 677, 678, 679, 680, 710, 7 
Dahlgren, 531, 538, 797, 815, 821. 
1S0-pounder M. L. R., 538, 797, 815, 821. 


Krupp, 539, 759, 793, 704, 79S, 766, 707; 799, 779, 771, 772, 77> 774 
76, 777, 778, 779, 730, 788, 852. 
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Parrott 40-pounder M. L. R., 538, 815. 
B. L. R., 538. 


8o0-pounder M. L. R., 538, 815. 














534 





THE ESTABLISHMENT OF STEEL GUN FACTORIES, 


Guns, Parrot, 80-pounder B. L. R., 538. 


10-inch, 815. 
Vavasseur, 662, 663, 664, 775. 
Woolwich, 591, 630, 632, 636, 645, 661, 666, 669, 670, 671, 835, 852. 
7-5-cent., 763. 
8.4-cent., 774. 
8.7-cent., 763, 774. 
10-cent., 726, 727, 740, 754 755) 774- 
10.5-cent., 774. 
12-cent., 774. 
14-cent., 736, 740. 
1§-cent., 763, 765, 799, 771, 773 774+ 775» 770 775 
15.25-cent., 763. 
15-5-cent., 763. 
16-cent., 684, 736, 740. 
21-cent., 774. 
24-cent. (Model 1876), Army, 733, 754 
24-cent., 774. 
26-cent., 774- 
27-cent., 736, 737, 740, 752. 
28-cent., 763, 774. 
30.§-cent., 707, 774- 
32-cent, (Model 1870) B. L. R., 711, 736, 737, 735 
34-cent., 685, 688, 736, 740, 742, 747, 748, 752, 754. 755, 75 
35-5-cent., 774. 
37-cent , 736, 740, 742, 745, 740. 
40-cent., 763, 767, 774, 778. 
42-cent., 684, 693, 736, 740, 745, 746 
45-cent., 710, 711. 
40-cent., 775. 
4-inch, 662. 
s-inch, 662, 797, 815, $22. 
6-inch, 567, 661, 662, 785, 787, 788, 793, 797, 815, 322, 523, 325, 326, 832 
8-inch, 558, 560, 662, 782, 785, 787, 793, 821, 822 > 
g-inch, 642, 643, 644, 645, 785, 787, 79°, 793 
9.2-inch, 662, 832. 
10-inch, 661, 797, 821, $22. 
10-inch, M. L. R., 662. 
10.2-inch, 661, 832. 
12-inch, 785, 787, 785, 793, 796. 
12-inch, 540, 632, 636, 661, 671, 785, 787, 735, 789, 793, 332, 85 
13-inch, 661. 
13.5-inch, 632, 661, 832. 
14-inch, 766. 
16-inch, 767, 792, 832. 
17-inch, $32. 














INDEX. 885 
Guns, 65-millimetre, 736, 740. 
8o-millimetre, 68 S 732, 75% 
go-millimetre, 685, 732, 730, 740- 
g5-millimetre, 732 
120-millimetre, 685, 732. 
155-millimetre, 685, 732, 752- 
190-millimetre, 685, 732, in 
240-millimetre, 685, 732, 736, 740, 742, 743) 744: 852. 
11%-ton, 662, 832. 
18-ton, oe 832. 
21-ton, 673, 678, 679, 680. 
26-ton, 661, 832. 
35-ton, 634. 
38-ton, 661. 
43-ton, 632, 661, 671, 832. 
50-ton, 766. 
62-ton, 632, 661, $32. 
63-ton, 681. 
72-ton, 736, 740, 742, 745, 746. 
75-ton, 634, 093, 730, 740, 745) 7 746 
80-ton, 624, 045, 79% 83 
100-ton, 532, 550, ao 631, 646, 647, 669, 705, 710, 711, 740, $32, 835, 
857; 860. 
110-ton, 832, 833 
121-ton, 767. 
160-ton, 688. 
wire, 19-cent., 754, 755, 753. 
34-cent., 752, 753) 754) 755, 750- 
6-inch, 673, 680. 
10.2-inch, 673, 678, 679, 680. 
Hale, Senator Eugene, 545, 550, 551, 855, 856, 857, 858, 859, 860, 861, 862. 
Hammers, steam, 539, 54°, 548, 549, 552, 554, 556, 557, 558, 559, 564, 569, 580, 
582, 583, 589, 591, 592, 604, 605, 614, 632, 685, 691, 694, 695, 
097, 608, 699, 700, 701, 702, 703, 704, 705, 708, 713, 714, 715, 
731, 767, 768, 769, 783, 784, 785, 786, 787, 788, 789, 800, 806, 
813, 814, 818, 833, 846, 849, 851, 857, 859, 867. 
Aboukhoff, 783, 784, 785, 787. 
Bourges, 685 
Brown, 605. 
Cammell, 614. 
Condie, 806. 
cost of, 549, 554, 557, 564, 592, 691, 767, 769. 
Creusot, 691, 695, 697, 698, 699, 700, 701, 702, 703, 704, 705, 708 
Elswick, 582, 583. : 
Firth, 604. 


Marrell, 691. 
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Hammers, Morrison, 785. 

Nasmyth, 785. 

Sellers, 806, 814. 

St. Chamond, 691. 

United States, 800 

heaviest in, 800. 

Vickers, 605. 

Woolwich, 591, §92. 

80-Ton, 691, 695, 698, 699, 700, 701, 702, 703, 704. 

1co-Ton, 691, 697, 703, 704, 708. 
Hand-gearing, 588. 
Hardness, 604, 741, 784, 814. 
Harmet, Mr., 741. 
Harris, Hon. B. W., 537, 539, 543) 544- 
“ Hasty Notes relating to Military Engineering in Europe,” 686. 
Havre, 684. 
Hearths, rotary, 691, 692, 770. 
Eleating furnaces. (See Furnaces.) 
Heavy ordnance, advance of, 543. 

Board, 540, 542. 
manufacture of, 554, 558, 559. 

Hematite, 655, 657, 658. 
Henderson, Mr., 724, 725. 
Henrietta, Pa., 802, 809, S11. 
Hime, Major, 646. 
Hiscock, Hon, F., difficulty to procure gun-steel, 530. 
Hoasenfratz, 688. 
Holley, A. L., 656, 729, 770, 817. 
Hollidaysburg, 801, 802, 808, 809, 811. 
Holza, Jacob and Co., 684. 
Homogeneity, 562, 503, 574, 575, 570, 589, 033, 725, 726, 729, 784, 785. 
Honey-combing, 650. 
Hoods, 655. 
Hook’s joints, 700. 
Hoops, 560, 561, 562, 563, 564, 565, 584, 593, 594, 595, 605, 630, 634, 641, 642, 


"97 


661, 662, 664, 666, 673, 680, 691, 711, 713, 714, 715, 724, 725» 726, 727) 
8, 


$ 
725 ”* Se ie 72¢. 726. 740. 7 ,_ * - “44> "co. 7¢ “~<e 776, kel 
729, 729) 732+ 735» 739% 749, 742, 745, 747, 74 759s 754+ 7559 775s U7is 
782, 786, 787, 788, 792, 793, 800, 815, 821, 822, 825, 828, 831, 332, 836, 


837, 838, 858. 
dimensions of, 563, 605, 725, 727, 745: 
fabrication of, 711, 713, 714. 
trunnion. (See Trunnion-hoops.) 

Hospitals, 707, 769. 
Hotchkiss, Mr., 633, 732, 736. 
rapid-firing guns, 633, 736, 737. 
- 


revolving cannon, 633, 685, 
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Howitzer, 6.3-inch wire, M. L., 680. 
10-inch wire, B. L., 681. 
Hulze and Co., 605 
Hunt, Wm. P., 541, 566, 799. 
Hydraulic capstan, 556, 555. 
carriages, 595, 596, 597, 598, 599, 600, 601, 682, 793, 794, 795, 796. 
casting-press, 638, 639, 831, 846. 
cranes, 580, 582, 583, 584, 585, 586, 587, 654, 689, 696, 804, 829, 830. 
Spezia, 580, 586, 587. 
forging, 555, 509, 632 
-press, 639, 940, 641, 642, 829, 530, 531, 833 
press, 540, 558, 584, 605, 632, 637, 638, 639, O4c, 641, 642, 705, 716, 
713, 807, 819, 820, 829, 830, 831, 833, 846, 849, 851, 859, 863. 
riveter, 580, 583, 705. 
shears, 582, 586. 
system at Elswick, 585. 
Implements, cost of, 554, 557, 569. 
Impression-takers, 594. 
Inclined casemates, 532 
Indomptable, 740. 
“Industrial Germany,” 768. 
Industries, collateral, 801, 810. 
private, 540, 549, 550, 683, 684, 685, 689, 690, 843, 844, 845, 850, 851, 
856, 859, 860, 861, 868. 
Inferior ores, 658. 
Inflexible, 532. 

Ingenuity of manufacturers, 533. 
Ingots, dimensions of, 561, 591, 708, 
requisites of, 561. 

weights of, 691, 693, 695, 696, 697, 700, 708, 745, 766, 767, 779, 783, 787, 
800, 803, 805, 818, $29, 830, 832, 863 
Installation, 764. 
Introducticn, 531. 
“Tron,” 803. 
Ironclads, 532, 533, 538, 854. 
Iron mines, 695, 766, 768, 786, 800. 
and Steel Institute, 649, 725, 726. 
Isére, 695. 
Italia, §32, 622, 623, 709, 710. 
armor for, tests, 622, 623. 
Militare,” 710. 
Italy, 543, 622, 709, 767, 779, 832, $36 
Iznoskof, 781. 
Jackets, 557, 558, 560, 561, 584, 595, 630, 661, 662, 664, 666, 669, 674, 678, 680, 
. 6, 758, 775, 786, 791, 792, 793, 815, 


/ 


» 714, 742, 745, be ghee 5 
822, 825, 828, 831, 832, $36, 838, 858. 
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Jackets, broken, 555, 681, 822. 
dimensions of, 745, 755, 822, 825. 
Jaques, Lieutenant W. H., U. S. N., 553, 710, 853. 
Johnstown, Pa., 769, 800, 801, 802, 803, 804, 805, 806, 807, 808, 809, 810, 811, 
812, 813. 
Joint action, 569, 570, 576, 578, 579, 689, 690, 780, 781, 849, 851, 856, 860, $62, 
Jouffry, 691. 
Kama, 781. 
Kelley converter, 804. 
Kennedy, Mr., 583. 
Kilogramme, 622. 
Kilogrammetre, 703. 
Kirkaldy testing-machine, 836. 
Koenig Wilhelm, 771. 
Kolokoltzoff, Admiral, 780, 784, 790. 
Kouprianoff, Admirai, 796. 
Krupp, Fried., 543, 548, 554, 561, 574, 646, 647, 759, 760, 761, 762, 763, 764, 76s, 
766, 767, 768, 769, 770, 777, 778, 779, 780, 788, $42. ' 
Krupp development, 778. 
fermeture, 775, 777, 778, 793 
guns. (See Guns.) 
power of, 774. 
3-pounder, 766. 
6-pounder, 766. 
12-pounder, 766. 
hammers, 767, 769. 
50-ton, 767, 769. 
steel, 562. 
washing furnace (dephosphorization process), 770, 771, 772, 773, 805, 
816, 817. 
works, description of, 767, 768. 
Labor, skilled, 865, 866. 
Laboratories, 579, 685, 688, 768, 779, 784, 804, 813, 814. 
Ladle-cranes, 654, 655, 803, 804. 
Ladles, 654, 655, 697, 772, 773, 817, 818, 830, 831. 
Lambert, 580. 
Lamés, 732. 
Lathes, 556, 583, 554, 593, 594, 605, 606, 680, 689, 691, 705, 748, 786, 806, 807, 
814, 831, 832, 836, 837, 838. 
Leeds, 605, 829, 833, 834. 
Lepanto, 532. 
Letter—Cambria Iron Co., reply to circular letter of Gun Foundry Board, 845, 
846, 847, 848, 849. 
Chief of Ordnance, Navy Department, views on providing heavy guns, 
$48, 549, 557, 555. 
relating to manufacturers’ facilities for manufac- 


turing parts of 8-inch guns, 560. 
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Letter—Chief of Ordnance War Department, endorsing letters asking Govern. 


ment aid, 539, 540. 
views on providing heavy guns, 556. 
to steel manufacturers in regard to requisite ma- 
terial, 565. 
Gun Foundry Board, submitting report, 554. 
to steel manufacturers in regard to development 
of plant, 558. 
to South Boston Iron Co. and West Point Foun- 
dry in regard to development of plant, 559. 
requesting permission to visit Essen, 760. 
declining invitation to visit Meppen, 761, 762. 
declining series of experiments at Meppen, 763. 
704. 

Heavy Ordnance Board, concurring in Chief of Ordnance, War De- 
partment, endorsement of letters asking Government aid, 542, 543. 
Krupp, acknowledging receipt of request to visit Essen and refusing 

same, 700, 
offering series of experiments at Meppen, 762, 763. 





Midvale Steel Co., reply to circular letter, 567. 

Naylor & Co., reply to circular letter, 565. 

Park, Bro. & Co., reply to circular letter, 566, 567. 
Pittsburgh Steel Works, reply to circular letter, 566, 567. 
The President, constituting Gun Foundry Board, 553. 
Schneider & Co., relating to armor-tests, 709, 710. 


Secretary of Navy, forwarding communications from Chief of Ord- 
nance, Navy Department, South Boston Iron Co. and West Point 


Foundry, 545, 549, 550- 
South Boston Iron Works, asking Government aid, 541. 


reply to circular letter, 566, 798, 799. 


Springfield Iron Co., reply to circular letter, 568. 
West Point Foundry, asking Government aid, 541, 542. 
reply to circular letter, 799. 

Levitsky, Lieutenant Michael, 783. 

Libraries, 812. 

Liege, 732. 

Lighting, 839, 840, 841. 

Lime, 771, 772, 773, 809, 810. 

Limestone, magnesian, 655, 656. 

Limit, elastic. (See Elastic.) 

Lining tubes, 666, 669, 747, 782, 788, 789, 790, 791, 792, 793: 

Liquid compression. (See Compression.) 

Lithographic establishment, 768. 

Loading-tube, 778, 793. 

Local interests, 851, 867. 

Locomotive-crane, 773. 
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Locomotives, 582, 654, 655, 694, 696, 705, 706, 768, 784, 808, Sto 
Logan, Senator J. A., 535, 552. 

Loire, 684, 693, 695, 696, 724. 

London Engineer, 626, 642, 698. 


Engineering, 652, 782, 817. 
Ordnance Works, 595. 
Times, 645. 
Longpendu, 695. 
Longridge, James A., 672, 754. 
Longsdon, Alfred, 759, 760, 761, 762, 763. 
Louis XVI., 694. 
Luiz, 7006. 
Lyman-Haskell multicharge gun, 815. 
Machine-guns, 543, 544, 008. 
Machining, 547, £57, 585, 666, 685, 705, 783, 843, 859, 868 
Magazines, 706, 779. 
Magnesian limestone, 655, 656. 
Magnetic ore, 784, 786. 
Maillard, Colonel, 715. 
testing-machine, 592, 685, 715, 716, 717, 718, 719, 720, 721, 722, 723 
advantages of, 722. 
Maitland, Colonel, 591, 605, 664. 
Manby- Wilson Co., 694. 
Manchester, Eng., 595, 602, 605, 632, 633, 637, 642, 653, 829, 3833, 539. 
Mandrels, 583, 640, 641, 642, 711, 713, 714, 715, 786, 831. 
Manganese, 610, 649, 657, 658, 724, 725, 726, 729, 730, 771, 772, 784, Sto 
Manganiferous ores, 602. 
Manometer, 716, 717, 718, 719, 721, 722. 
Manufacture, condition of steel in England, 602. 
France, 690. 
Germany, 770. 
Russia, 786. 
United States, 80« 
Manufacturers, competition among, 533, 684. 
ingenuity of, $32. 
steel, of England, 595, 602. 
France, 684, 690, 724 
Germany, 765. 
Russia, 781. 
United States, 558, 559, 560, 564, 565, 566, 567, 568, 
S00, 844, 845, $52, 856, 861, 862, 367, $68 
Marine Artillery (France), 688, 735, 737, 740 
Marrel Brothers, 684, 690, 691. 
hammers, 691, 


Material, gun, 662, 664, 690. 


accepted. (See Gun-material.) i 
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Matthews, Captain E. O., U.S. N., 


st 
wn 
Lo) 


Mazenay, 695, 706. 
McCook, Hon. Anson G., 534. 

McPherson, Senator, 535, 55°, 551, 552- 
Measuring, 6066. 

Mechanical agitator, Allen’s, 649, 650, 651. 
“ Mechanics,” 821. 

“ Mechanics’ Magazine,”’ 580. 
Medical attendance, 707, 812. 
“ Mémoires Mil. et Scientifique, Depart. de la Marine, Frangaise,” 79 


“4 


“Memorial de Artilleria,” 755. 
Mendenhall, Major J., 543- 
Menominee Iron range, Michigan, 807. 
Meppen, 646, 761, 763, 764, 768, 774, 779. 
“Metallurgy of Iron,’’ Chase’s, 602. 
Metre, 703. 
-tonne, O21. 

Micrometers, 594, 710. 
Middlesbrough, 652 
Middleton, 680. 
Midvale Steel Co., 560, 567, 797, 800, 813, 814, 815, 816, 8:8, S22. 
Milling-machines, 589, 594, 836, 837, 838. 
Mines—Bennington Slope, 808. 

Benshoofs, 800. 

Conemaugh, 808. 

Cushon and Lower Gautier, 808. 

Frankstown, 809. 

Henrietta, 800. 

Menominee, 809, 81 3. 

Michigan, 809. 

Morrell & Wheeler Slope, 808. 

Rolling-mill, 808. 

Springfield, S09. 

Woodvale, 808. 
Ministry of Marine, 735, 780, 783. 
Missiessy, 706. 
Mitchell, 580, 846. 
Modern cannon, fabrication of, 534. 

ordnance, 537. 

providing. (See Ordnance.) 

Moncrieff, Major, 793. 
Monitors, 532, 537, 854. 
Montalembert, Marquis of, 687 
Montaud, 695. 
Montchanin, 695. 
Montlucon, 684. 
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Moral protection, 533. 
Morrell, 811. 
Morrell, Wood & Co., 8o1. 
Morrison hammer, 785. 
Mortars, 560, 563, 565, 685, 732, 763, 765, 774, 782, 791, 792, 815, 821. 
dismountable, 791, 792. 
rifled, 685, 732, 765. 
220 millimetre, 685, 732. 
15 cent., 703. 
g-inch, 782, 791. 
12-inch, 560, 565, 815, 521. 
Moulds, earthen, 687, 658, 726. 
iron, 604, 620, 697, 711, 727, 785. 
steel, 637, 635, 639, 097, 711, 531. 
Whitworth, 637, 635, 639, 331. 
Mouze, 6388. 
Muggiano formula, 710, 711. 
Mutual Benefit Association, 812. 





Muzzle-loading, 537, 5458, 574, $76, 589, 622, 631, 634, 660, 661, 662, 668, 669, 


710, 747- 
Narjes, 771. 
Nashua Iron and Steel Co., 318. 
Nasmyth, 591, 785. 
hammer, 785. 
Wilson & Co., 591. 
Naval Advisory Board, 544, 860, 861. 
Appropriation Bill. (See Appropriation. 


Committee, House, 537. 
Experimental battery, 822. 
Navy Yards, 538, 554, 555, 556 797, 315, 818, 822, 828, 849, 550, 565. 
Washington, D. C., 556, 797. 
Naylor, 583. 
& Co., 560, 565. 
Neuwied, 768. 
Neva, 753. 
Nevers, 683, 687. 
Neviansk, 75s. 
Newburgh, N. Y., 632. 
Newcastle, Duke of, 570. 
Niévre, 695. 
Noble, Captain, R. A., 579. 
Norway Iron and Steel Works, 560, 565. 
Notes or Coxstruction of Ordnance, War Department, 729, 783, 790. 
Obturateur, 750. 
es 


Occluded gases, 650. 


Ocean freight, 852, 857, 859. 
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Ochta, 796. 
Oi] lamps, 7°7- 
Colza, 693. 
tempering. (See Tempering.) 
well, 584, 708, 715. 
Old Fort Iron Mills, 518. 
Open-hearth furnaces. (See Furnaces.) 
process, 664, 691, 715, 790. 
steel. (See Steel.) 
Ordnance Board, Army, 633, 660. 
breech-loading rifled, 532, 537, 572, 634, 766. mA 
Bureau of, Army, 800, 815, 846. 
Navy, 548, 560, 800, 815, 822, 823, 824, 825, 826, 827, 846. 
designs for construction, $22, 823, 824, 825, 826, 827, 
$28. 
Chief of, Army, 540, 546, 557, 558, 559, 560, 565, 819, 867. 
Navy, 548, 549, 556, 558, 560, 821, 854, 867. 
development of, 543. 
heavy, advance of, 543. 
manufacture of, 554, 558, 559. 
modern, need of, 537. 
officers, American, opinions of, 535, 540. 
providing modern, 531, 532, 54°, 548, 549, 559, 557, 829, 867. 
purchase abroad, 551, 852. 
Report of Chief of, Army, 819. 
Ores, 583, 602, 652, 658, 660, 696, 715, 766, 768, 770, 786, 787, 801, 807, 809, S10, 
816, 848. 
Otis Iron and Steel Co., 560. 
Ovens, 696, 801, 807, 808. 
Palliser, 623, 624, 741. 
shell, 624. 


Ww 


shot, 624. 
Paris, 684, 686, 689, 698, 710, 711, 723, 726, 833. 
Park, Brother & Co., 560, 565, 567, 800, 818. 


Parker, Major F. H., 543. 
Parrott guns, 538, 815. 


Partnership between Government and private firms, 547, 780, 842, 843, 851, 856, 


867, 868. 
Patronage, Government. (See Government.) 
Paulding, G., 799. 
Kemble & Co., 542, 565. 
Penetration tests, 722, 737. 
Pennsylvania Railroad, 801, 810, 811, 847, 865. 
Steel Co., 818. 
Perm, 698, 699, 781, 783, 786. 
Permanent set, 719, 735. 








oe 
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Pernot, 691, 817. 
furnaces. (See Furnaces.) 
rotary-hearth, 691, 692. 
Perreuil, 694, 695. 
Perrier, 688. 
Personnel, 706, 768, 769, 784, 546, 848. 
** Peter the Great,”’ 787. 
Philadelphia, 800, 813 
and Reading Railroad, 813. 
Phoenix Iron Co., 545, 797. 
Phosphor-bronze, 674, 675 
Phosphoric ores, 652, 660. 
Phosphorus, 654, 657, 658, 724, 725, 771, 7 
elimination of, in Bessemer converter, 654, 773, 517 
Photographic establishment, 768. 


Physical qualities of forgings. (See Forgings. ) 


Pig-beds, 654, 772, 773- 
-iron, 652, 659, 696, 729, 766, 771, 772, 817, 848. 


Pit-casting. (See Casting.) 
Pitman, Captain J., U. S. A., 819. 
Pittsburgh, Pa., 632, 801, 810, 847. 
Steel Works, 566 
Pivot-guns. (See Guns.) 
Planing, 705. 
machines, 589, 594, 606, 806, 807 

Plants, cost of, 569, 701, 798, 847, 868. 

development of, 533, 547, 568, 781, 783, 797, 849, 356, 867, 565. 
Polygons, 706, 796, 815, 566. 
* Popoff,” 787, 793- 
Porter, Robt. P., 768. 
Potter, 580. 
Potter, J. F., 766. 
Pourcel, 725, 729. 
Poutiloff, Arpe &, 784. 
Powder, 532, 


32, $35» 543) 5) 
88, 


5 

7 790°. 
Power, hydraulic, 585, 585. 

of guns, 552. 

protective, 709. 

resisting, of vessels, 552. 
Pre-heating, 729, 773- 
President, The, 553, 558, 559, 704, 825, 857, 561, 5605 
Press, hydraulic. (See Hydraulic.) 

casting. (See Hydrauiic.) 


forging. (See Hydraulic.) 


Pressing, 608, 610, 615. 








oe 
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wn 


662, 666, 678, 696, 099, 701, 703, 704, 716, 718, 719, 720, 721, 


/ 


Pressures, 575, 64 


22 99 
-~-* 720, 


™~ 


32, 739) 741, 75% 752, 754) 755: 759, 755, 790, 791, 792, 


794, 795, 790, 806, 519, 520. 


“I 


Price, Mr., 591- 

Price’s retort furnace, 589, 590, 591. 

Prieger, Oscar, 724. 

Printing-office, 763. 

Private industries. (See Industries.) 

Projectiles, 535» 541, 543, 548, 561, 573, 575, 622, 624, 625, 626, 634, 636, 042, 
643, 645, 646, 647, 661, 662, 678, 694, 710, 711, 724, 73% 737 741; 
745, 747» 748) 754s 755» 763, 767, 769, 775, 777, 778, 779, 782, 784, 
79°, 792, 793, O15. 

chilled, 022, 640, 047; 775, 

Terre Noire, 646. 

Whitworth, 636, 643, 645, 646, 647. 


Proof-carriage, 594. 


4 
uw 


Providing heavy ordnance, 533, 559, 
Proving, 594, 779- 
grounds, 685, 706, 711, 761, 763, 764, 768, 779, 796, 865, 868. 


7 
Prussia, 760, 761, 762, 768. 

Puddled steel. (See Steel.) 

Puddling furnaces. (See Furnaces.) 

Pullman, 769. 

Pumps, 804, 806, 811, 812, 813, 815. 

Puteaux, 683, 685. 

Puy-de-déme, 695. 

Pyrometer, 593. 

Qualities, physical, of forgings. (See Forgings.) 

Radial machines, 589, 594. 

Raii-mill, 568. 

0, 782, 800, 801, S05, S10, 816, 


Rails, 650, 652, 653, 655, 659, 696, 713, 725, 726 
545. 

Railways, 695, 696, 699, 705, 706, 765, 768, 783, 806, 810, $16, 830, 840. 

Range, 574. 

Rapid-firing guns, 633, 736, 737. 

Razkazoff gun-carri iZeES, 793, 794, 795, 796. 

Reading Iron Works, 545, 797. 


> arnt es e734 " 4 ~ ? 
Recoil, 572, 573, 600, 688, 736, 737, 795, 820 
Red-shortening, 658. 


g; 

Refractory material, 602, 603, 604, 614, 617, 620, 626, 629, 647, 659, 771, 782, 
S31. 

Regenerative furnace. (See Furnace.) 

Regenerators, 626, 627, 629, 771, 782, 817. 

Rendel, Mr., 579. 

Rennie, 700. 

“Report of Getty Board on Heavy Ordnance and Projectiles—1882,” Soo. 
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Requin, 740. 

Requisites of gun factory plant, 555. 
Reservoirs, 707. 

Resistance, 563, 564, 739, 755, 756. 
Resources, immense, 533. 

Re-tubing, 666. 

Reverberatory furnaces. (See Furnaces.) 
Revolving-cannon. (See Cannon.) 
Revue d’Artillerie, 711. 

Maritime et Coloniale, 754. 
Reward for past services, 546, 547- 
Rhenish Prussia, 760, 761, 762. 

Rhine, 765. 

Rhone, 693, 694. 

* Riachuelo,” 642. 

Richards, E. Windsor, 652, 653, 654, 658, 659, 660. 
Ridgely, C., 568. 


Rifling, 548, 572, 573, 574, 575, 576 585, 594, 635, 636, 642, 643, 670, 671, 689, 


705, 735+ 737» 741s 744s 752s 777) 775 79% 793, 825, 833, 836, 837. 
hexagonal, 575, 635, 636, 642, 643, 670. 
machines, 594, 689, 705, 833, 836, 837. 
polygonal, 575, 576, 635, 636, 642, 643, 670. 
polygroove, 585, 643, 670, 752. 
Rins¢on, 707. 
Rive-de-Gier (Loire), 684, 690, 691, 732. 
River Don Works, 605. 
*Rivista Marittima,”’ 710. 
Riveter, hydraulic, 580, 583, 705. 
Roanne, 694. 
Roanoke frigate, 532. 
Robeson, Hon, G. M., 536. 
Rochefost, 688. 
Rodman gauges, 792. 
guns, 531, $15, S21. 
Rods, longitudinal, 674. 
Rolling-mills, 563, 568, 700, 768, 800, S801, 802, 803, 813, 814, 318, 848. 


Rolls, 563, 564, 568, 605, 606, 608, 610, 612, 614, 615, 617, 619, 620, 664, 697, 700, 
711, 713, 724, 768, 800, 801, 802, 803, 805, 806, 813, 814, 816, 817, $18, 848. 


Roofs, 698, 783, 802, 803, 839, 840, 841. 
Rotary furnaces. (Sec Furnaces.) 
hearths, 691, 692, 770. 
Rotating-rings, 670, 671, 752, 778. 
Vavasseur, 670, 671. 


Rotation, 548, 574, 575, 636, 643, 670, 672, 741, 778. 
Royal Artillery Institution, 646. 
Engineers, 623. 
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Royal gun-factories. (See Gun-factories.) 
United Service Institution, 646. 
Ruelle, 683, 686, 687, 688, 689, 732, 739, 840. 

Rupture, 563, 564, 727, 725, 739 747, 754 
elongation at, 563, 735- 
resistance at, 563, 564. 

Russia, 633, 732, 765, 780, 835, 542, 843, 346. 

Russian Artillery Gun Factory, 782. 
ores, 602. 

Saint Sernin, 707. 

Sandy Hook, N. J., 565, 866. 

Sadne, 693, 694, 695, 705. 

Satkin, Youresan and Serebriansk, 784. 

Savoie, 695. 

Sayn, 768. 

Schneider, Adolphe, 694. 

Brothers & Co., 694. 
Eugene, 693, 694. 
Henri, 093, 698, 703- 
& Co., 684, 689, 691. 
-steel, 646. 
& Co., 694, 695, 698, 699, 701, 704, 706, 707, 710, 711, 715, 723. 
School of Arts and Trades at Aix, 707. 
Schools, 707, 760, 812. 


Schultz, Captain Emile, 747, 752, 753, 754) 755) 759 757, 758 
“BUN, 752, 753. 754+ 755+ 75% 757, 758. 
Screw-ferineture, interrupted, 642, 661, 666, 748, 749, 793, 822, 828. 


slotted, 669, 749. 
Sebert, Colonel, 737. 
Secretary of the Navy, 53 a a 549, 55°, 559, 854, S60, 861, 862. 
War, 555, 556, 862. 

Sellers hammer, 806, 814. 

Wm., 567. 
Serebriansk, 784. 
Shafting, 784, 805, 846 
Shafts, 695. 
Shanks, Thos. & Co., 606. 
Shaping-machines, 589, 594, 806, 836. 
Shearing-machine, 655. 
Shears, hydraulic, 582, 586. 
Sheffield, 595, 602, 604, 605, 622, 630, 632, 633, 647, 659, 684, 750. 
Shell, Gregorini, 622 

Palliser, 624. 
Shells, steel, 642, 643, 645, 646, 72 
Shields, 599, 600, 623, 646, 737, 763- 
Ships-of-the-line, 694. 
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Ships, wooden, United States led the world, 532. 
Ship-yard, 705. 
Shock-test. 584. : 
gh Magee 573, 622, 623, 624, 646. 
Shops, 582, 583, 605, 633, 653, 685, 686, 691, 693, 695 705, 706, 725, 764, 768, 
7 Os, 801, 806, 807, 813, 829, 834, 835, 3839, 840, 841, 852, 853, 8 
cost of, 839, 840. 
Shot, 624, 643, 646, 647, 710, 711. 
chilled, 646, 647, 710, 711 
Gregorini, 710, 711. 
Palliser, 624. 
steel, 646, 647 
Shotting, double, 668. 
Shrinkage, 594, 666, 667, 688, 732, 735, 739) 745, 755, 838. 
experiment of Sir Joseph Whitworth showing effect of, 666, 667. 
tests, 735. 
Shrinking-pit, 582, 584, 592, 594, 688, 852, 858, 860, 861, 862. 
Sicard, Captain M., U.S. N., 549, 558, 560. 
Siege-guns. (See Guns.) 


Siemens direct process, 773. 

Dr., 591, 666. 

furnaces. (See Furnaces.) 

-Martin process, 605, 610, 626, 629, 634, 695, 787. 

steel. (See Steel.) | 

-Vickers process, 605. 
Silica, 771, 772, 831. 
Silicon, 658, 726, 729, 730, 771, 772. : 
Simon, Mr., 709. 
Simplicity, 575, 576, 601, 793. 
Simpson, Rear Admiral E., U. S. N., 553, 556, 557, 559, 505, 566, 567, 565, 760, 
761, 762,763,798,799, $45, 5573, 500, 562 ,96} 
Sinking-head, 560, 708, 727, 730. 
Skilled labor, 865, 866. 
Slag, 655, 658, 659, 730, 772, 817. 
Slotting-machines, 589, 593, 594, 639, 807, 332, 537. 
Smelting-furnaces. (See Furnaces.) 

iron, 602, 687 
Smith, Captain C. S., U. S. A., 633, 78 

Me ‘Bes 6053- 
Lenox, 817. 

Snelus, Mr., 653. 
Soaking, 561, 806. 
Société Anonyme de Constructions Navales de Havre, 684. 


des Aciéries et Forges de Firminy, 684. 
Forges et Chantiers de la Méditerranée, 684. 
Soft Metal, 574, 036, 725. 
Sole, 626, 629, 692, 769, 785 
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South Bank, 652. 
South Boston Iron Works, 539, 540,. 541, 542, 545, 549, 559, 506, 797, 798, 799. 
Southport, 643, 645. 
Spain, 602, 768. 
Spandau, 765. 
Spanish ores, 583, 692, 786. 
Spezia, 580, 586, 587, 622, 646, 695, 709. 
Spiegeleisen, 602, 649, 650, 655, 658, 729, 771, 803. 
Springfield armory, 514. 
Ill., 800. 
Iron Co., 568, 800, 816, 817, 818. 
Pa., 801, 808, 809, 811, 813. 
Standard Steel Works, 818. 
St. Chamond, 684, 685, 691, 693, 715, 766, 817. 
hammer, 691. 
Steamboats, 694, 696, 705. 
Steam cranes. (See Cranes.) 
hammers. (See Hammers.) 
cost of. (See Hammers.) 
Steel, Aboukhoff, 784. 
Bessemer, 562, 602, 614, 620, 647, 649, 650, 656, 730, 787, 800, S01, 802, 
804, 809, 813, 848. 
experiments with, for gun-construction, 650. 
cast without blowholes, 724, 730. 
Creusot, 562, 6406. 
crucible, 602, 605, 626, 629, 630, 664, 691, 750, 766, 770, 784, 787, 813. 
fluid compressed. (See Whitworth.) 
gun, cannot be provided in United States, 535, 539, 540, 545, 558, $53. 
development of, 569, 626, 629, 642, 690, 695, 742, 745, 765, 770. 
manufacture of, 534, 536, 545, 559, 5607, 629, 633, 684, 690, 760, 764 
770, 753, 797, 829, 838, 5839, 547, 549, $50, 868. 
treatment of, 561, 562, 637. 
gun-factories, 537, 545, 547- 
guns. (See Guns.) 
Krupp, 562. 
manufacture at Woolwich, 591. 
condition of, in England, 602. 
France, 690. 
Germany, 770. 
Russia, 786. 
United States, 800. 
manufacturers, capabilities of, 537, 800. 
of England ) 
France | 
Germany | (See Manufacturers. ) 
Russia | 


United States 
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Steel, open-hearth, 559, 561, 562, 591, 604, 605, 614, 620, 626, 629, 664, 691, 770 
771, 779, 800, 804, 805, 813, 817, 846, 848. 
plant, development of, 547. 
puddled, 740, 742, 766, 784, 785, 786, Soo. 
Siemens-Martin, 561, 562, 605, 784. 
Whitworth compressed, 557, 558, 563, 632, 633, €34, 636, 642, 645, 646, 
6380, 7306. 
standard for Army Ordnance Board, 633. 
wire system, 754. 
works, 633, 695, 696, 697, 706, 780, 781, 782, 783, 808, 813. 
St. Etienne, 684, 685, 691, 694, 724, 741, 766. 
St. Germain, 694. 
St. Petersburg, 780, 781, 782, 796. 
Strength, 594, 572, 574, 575, 575, 030, 032, 633, 636, 642, 660, 664, 666, 669, 670 
672, 673, 674, 678, 680, 681, 682, 739, 741, 742, 745, 747, 748, 752, 
758, 793, 822, 825. 
longitudinal, 632, 664, 666, 669, 672, 673, 674, 678, 680, 681, 682, 739, 
745» 747, 748, 752, 758, 822. 

tangential, 630, 660, 669, 672, 673, 674, 680, 739, 745, 747, 752, 822, 825, 

5, 642, 741, 742. 


tensile, 564, 572, 57 
Strikes, 812, 848. 
Stripping, 643. 
Studs, projectile, 574, 741. 
Sulphur, 591, 658, 696, 729, So8, S2 
Supervision, 839, 867, 868. 
Supply, sources of, England, 570, 595, 602. 
France, 683, 842, 843, 858, 859 
Germany, 759, 779, 542. 
Russia, 780. 
United States, 797. 
Swage-blocks, 640, 641. 
Swedish ores, 602, 786, 787. 
System to be adopted for providing modern ordnance, 843, 844, 845, 847, 849, 
S50, 858, 861, 868. 
Talbott, Hon. J. F. C., 547, 862. 
Tannett, Walker & Co., 829, 530. 
Tarbes, 683, 685. 
rargets, 644, 645, 646, 706, 710, 711, 769, 771 
Tees, 653. 


Teeming, 655. 


Telegraph, 694, 706, 768, 779. 
Telephone, 779, 812 


Temperatures, 592, 593, 002, 003, 604, OGIO, O15, O26, 629, 049, 6606, 705, 7135 715 
735 


5+ 739 742, 771s 772s 773+ 785 


729, 


Tempering, 561, 562, 563, 564, 574, 584, 592, 593, 604, 605, 615, 616, 685, 691, 
27, 728, 729, 739) 740, 741, 742, 745» 70, 


693, 705, 715, 


7 7 7 
86, 813, 815, 830, 832, 844, 847, 851, 858, 859, 860, 861, 863. 


_ 
7‘ 

















Thomas and Gilchrist, 654, 660, 77 


lime necessary for manufacture of modern ordnance, 533 
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Tempering, oil, 561, 562, 503, 504, 584, 592, 593, 691, 693, 708, 715, 727, 725, 729, 
739) 741, 742, 745, 786, 813, 815, 832. 
pit, 554, 592, 593, 993, 708, 715, 530. 
plant at Woolwich, 592, 593- 
water, 502, 504, 74I. 
Tenacity of steel, 543, 741, 754- 
Tensile strength, (See Strength.) 
Tension, 718, 719, 725, 741, 752) 754» 750, 304, 519, 520. 
Terre Noire, 564, 724, 725, 726, 727, 723, 729) 73 731- 
process, 725, 726, 727, 728, 729, 730, 731, 782. 
projec tiles, 049, 782. 


“ Terrible,” 740. 


Testing-machines, 584, 592, 593, 055, 715, 716, 717, 715, 719, 720, 721, 722, 723, 
735, 513, 819, 820, 521, 530. 
Emery, 519, 820, 521. 
Kirkaldy, 836. 
Maillard. (See Maillard.) 
Test-pieces, 561, 593, 716, 715, 719, 721, 722, 815, 819, 820. 
Tests, 584, 589, 593, 604, 605, 622, 623, 642, 685, 690, 709, 710, 711, 712, 713 


714, 715, 716, 717, 715, 719, 720, 721, 722, 723, 727, 720, 73% 735 
745, 766, 779, 785, 788, 804, 813, 815, 819, 820, 821, 836, 549, 552, 563, 
867, 8638. 


bending, 593- 
chemical, 715. 
drop, 727. 


mechanical, 715, 755. 


shock, 554. 

tensile, 593, 727, 519. 

of “ Italia’s ” armor, 622, 623, 709, 710. 
Furieux’ armor, 709, 711, 712, 713: 

73. 

washers, 509, 


Thwaites & Carbutt, 553. 


required to prepare plants, 659. 


‘Times,”” London, 6465. 


lire-rolling machines, 605, 698, 711, 713, 714- 


mills, 563, 701, 813, 514. 


/ 


Tires, steel, 605, 659, 695, 711, 735) 771, 734, 513- 
( 


Tools, 554, 557, 509, 583, 589, 605, 606, 633, 684, 685, 689, 691, 705, 700, 727, 


748, 764, 780, 782, 783, 786, 806, 807, 814, 829, 830, 831, 832, 533, 534. 
835, 836, 837, 838, 839, 840, 343, 847, 852, 853, 857, 359, $638. 
cost of, 554, 557; 569, 830, 831, $36, 837, $38, 851, 852. 


Torpedo-boats, 532, 736. 


cases, 033. 


Lay, 532. 
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Torpedo, Swartzkopf, 
Whitehead, 

Torpedoes, 532, 736, 854. 

Toughness, 741. 

Toulon, 706. 

Touvre, 687. 

Tower, Colonel Z. B., 54 

Townsend, E. Y., 849. 


3 
Transportation, 568, 582, 865, 866, 867. 
Travelling-cranes. (See Cranes. ) 
Trepanning, 592, 832. 

tools, $32. 
Trolleys, 655. 
Troy, 803. 


Trubia, 723. 


Trucks for transportation of heavy guns, 689, 701, 723, 775, 779. 
100-Ton at Essen, 778, 779. 
120-Ton at Ruelle, 689. 
120-Ton at Turin 


722 
he” a 
rrunnion-hoops, 561, 564, 593, 594, 680, 724, 
825, 537. 
lathes, 832, 837. 
Trunnions, 736, 737, 739) 7 


Tubage, 739. 


Tubes, 540, 557, 555, 559, 560, 561, 562, 563, 564, 584, 5890, 593, 594, 595s 630, 


642, 662, 664, 666, 669, 650, 652, 684, 655, Ogo, 691, 093, 


5) 724) 731, 
+ 739 743s 742+ 745s 747+ 748, 7525 754s 755» 75% 775» 777» 786, 
S 


» 931, 93 


799, 791, 792. 793, ld 


797, 300, 815, 521, 522, 


dimensions of, 564, 742, 745 5» 790, 791, 815, $22, 5 


~I 
Ww 
ra 


25. 
steel, introduction of, 737 
weights of, 745, 532. 

Tups, 699, 702, 703, 708, 769, 787, 814, 818. 
Turning, finish, 584, 585, 594, 705, 836, 837, 838. 

lathes, 605, 689, 691, 705, 814, 831, 832, 836, 837, 838. 

rough, 584, 685, 693, 705, 785, 830, 831, 847, 351, 859, 861, 563. 
Turrets, 538, 787. 
Tuyeres, 647, 649, 655, 656, 773, 803. 
Tweddel’s hydraulic-riveter, 583. 
Ultimate strength, 562. 


Unieux (Loire), 684. 
Uniformity, 629, 642, 649, 650, 658, 659, 800, 810, 846. 


Union League Club, New York, Report and Resolutions of, 854. 
Unions, Trades, 812. 


United Service Institute, Royal, 646. 
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Ural, 784, 786, 757. 
“Yan Nostrand’s Engineering Magazine,”’ 821. 
Varall, Elwell & Middleton, 639, 533. 


Vaughan, 602, 652, 654. 
Vavasseur, J., 545, 064, 669, 775. 
carriages. (See Carriages.) 
gun. (See Guns.) 
rotating-ring, 670, 671. 
Velocities, 543. 622, 623, 624, 625, 643, 645, 661, 662, 668, 678, 710, 711, 737, 742, 
749, 755» 775» 797- x 
Vent, 670, 752, 775. 
Vernon, 655. 
Very, Lieutenant E, W., U. S. N., 621, 709 
Versailles, 694. 
Vickers, Sons & Co., 595, 602, 605. 
hammer, 605. 
Siemens process, 605. 
Vienna, 725. 
Vienne, 691, 700. 
Villedieu, 706. 
Vincennes, 732. 
Virgile, Colonel, 739 
Wabash frigate, 532. 
Wages, 707. 
War-office, English, 622, 634, 636, 672, 678. 
Washed metal, 770, 771, 772, 773 
Wash-heated, 655. 
Washington Navy Yard, 538, 556, 797, 815, 818, 822, 850, 565 
Inspector of Ordnance at, $28. 
Water, 696, 697, 706, 707, 718, 811. 
tempering, 502, 504, 74I. 
Watertown Arsenal, 556, 819, 821. 
Watervliet Arsenal, 556, 850, 863, 864, 865. 
Water-works, 811. 
Wedge-fermeture, 669, 736, 766, 776, 777, 793- 
Weight, least, 709. 


saving 


of, O51, 754. 

Westphalia, 750. 

West Point Foundry, 539, 540, 541, 545, 549+ 559) 565, 797, 799- 

Whipple, Lieutenant C. W., U. S. A., 800. 

Whitthorne, Hon. W. C., 536, 546. 

Whitworth, Sir Joseph, 548, 557, 558, 563, 564, 569, 573, 574, 575, 576, 583, 595, 
602, 632, 633, 634, 035, 036, 037, 039, G40, 041, 042, 643, 
645, 646, 647, 666, 667, 670, 680, 736, 785, 787, 790, 793 
815, 829, 830, 831, 839, 840, 846, 852. 


breech-mechanism, 635, 636, 637. 
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Whitworth compression, 557, 563, 569, 632, 633, 787 
experiment showing effect of shrinkage, 666, 667 
guns. (See Guns.) 
hydraulic casting-press, 638, 639. 

forging-press, 639, 640, 641, 642. 
moulds, 637, 638, 639, 831 
projectiles, 636, 643, 645, 646, 647. 
steel. (See Steel.) 





armor, 645, 646. 

system of forging, 563, 632, 637, 639, 640, 641, 642. 

superior to all others, 563, 637, 642. 
of gun construction, 574, 575, 634. 

tools, 583. 

views on the construction of ordnance, 634, 635, 636, 637. 

works, 563, 633, 637, 638, 639, 640, 641, 642, 643, 839, 840. 

7-inch B. L. R., 634. 

g-inch 20-ton B. L. R., 642, 643, 644, 645. 

12-inch B. L. R., 564. 

35-ton M. L. R., 634. 





Wilson, George, 614, 616, 615, 620, 621, 6 
Nasmyth & Co., 591. 
Windage, 575. 


22, 022, O24, 6054, Ogo. 


Wire-construction, 672, 673, 674, 675, 676, 677, 678, 679, 680, 681, 682, 752, 7 
754) 755) 759, 757, 758, 778, 822, 823, 824, 825, 826, 8 
$28. 

advantages of, 681. 
disadvantages of, O51, 682. 


072, 0OS2, 522 


still in experimental stage, 672, 673, 2, 52 
gun question, present state in England, 630, 651. 
guns. (See Guns.) 
longitudinal, 674, 678, 680, 682. 
securing ends of, 673, 674, 675, 676, 677, 673. 
winding apparatus, 558, 682, 

methods of, 677, 753, 755, 750, 757, 8 

Witten, 561. 

Wood, Morrell & Co., 801, S11, 513. 

Woodbridge, Mr., 822, 828. 

10-inch wire M. L. R., 822. 
Woodvale flouring-mill, 511. 
woolen-mill, S11. 
W oolen-mills, 808, 811. 
Woolwich, 543, 548, 561, 570, 573, 576 578, 579, 533, 554, 585, 550, 557, 5° 
589, 59° 591, 592, 593, 594, 595, 030, 632, 636, 645, 660, 661, 602, 
666, 669, 670, 671, 695, 700, 723, 742, 534, 535. 540, 550, 552. 


gun fabrication at, 591, 592, 593) 594- 


guns. (See Guns.) 








INDEX. 905 


Woolwich hammer, sor, 592. 
Royal Arsenal, 570, 579, 346. 
steel manufacture at, 591. 
System of gun-construction, 662. 
tempering-plant, §92, 593. 

Workington, 653. 

Worm-gear, 594. 

Wrought-iron, welded, 662. 


Youresan, 784. 
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C 
‘apstan, hydraulic, 588. 
Sementation furnace, 603. 
*hambers, 744, 777: 
‘onverter, Bessemer, 648. 
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Allen’s Mechanical Agitator, 651. 
Armor, compound, manufacture of, Ellis patent, 607, 609, 611, 613. 


Wilson patent, 618, 620, 621. 
experiments on English wrought iron with Krupp 15-cent. B. 1. R, 769, 
7715 773) 775 
plates for the Furieux, tests of, 712, 713. 
tempering, Wilson patent, 616. 


Armstrong breech-mechanism, 572. 


original gun, 571. 

110-Pounder, 577. 

10.2-inch 21-ton wire B. L. R., 679. 
17.75-inch 1oo-ton M. L. R., 631. 


Backing, 644, 769, 771, 773, 775- 
Bessemer converter, 648. 
Breech-mechanism, Armstrong, 572. 


de Bange, 744, 751. 
French, 749. 
Krupp, 775. 
Whitworth, 635. 
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